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Improved Digital Filters for 

Evaluating Fourier and Hankel Transform Integrals 
By 

Walter L. Anderson 

Abstract 

New algorithms are described for evaluating Fourier (cosine, sine) 

and Hankel (J
0
,J

1
) transform integrals by means of digital filters. The 

filters have been designed with extended lengths so that a variable 

convolution operation can be applied to a large class of integral transforms 

\ having the same system transfer function. A lagged-convolution method is 

also presented to significantly decrease the computation time when computing 

a series of like-transforms over a parameter set spaced the same as the 

filters. Accuracy of the new filters is comparable to Gaussian integration, 

provided moderate parameter ranges and well-behaved kernel functions are 

used. A collection of Fortran IV subprograms is included for both real 

and complex functions for each filter type. The algorithms have been 

successfully used in geophysical applications containing a wide variety 

of integral transforms. 
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Introduction 

Digital filtering techniques to evaluate oscillatory-type convolution 

integrals have become a widespread method reported in the geophysical 

literature. For example, Koefoed et al (1972) developed Hankel transform 

filters for functions encountered in electromagnetic depth soundings. 

Anderson (1973) extended this method to Fourier cosine transforms. Das 

et al (1974a, 1974b) proposed several specific filters used in 

transformations of resistivity sounding curves. Anderson (1974) used 

a standard set of Hankel and Fourier transform filters to evaluate a wide 

class of integral transforms required in computing electromagnetic field 

components about a finite electric wire source. 

In all these papers, the main advantage cited for using digital filters 

over direct numerical integration is the increased speed of the calculation. 

An order of magnitude or more in speed improvement is not uncommon, but 

this is usually achieved with a reduction in accuracy. 

This report briefly reviews the filter design process for convolution 

integrals. A new method is presented to improve the designed filter 

coefficients so that increased accuracy is possible at very little 

sacrifice in computational speed. A variable cutoff convolution method is 

described which utilizes the nature of the input kernel function and 

filter response to approximate the integral given a truncation tolerance. 

An algorithm is described for evaluating Fourier (cosine, sine) and Hankel 

(J0 ,J
1

) transform integrals for well-behaved kernels. 

Additionally, a special lagged-convolution algorithm is developed to 

significantly decrease the overall computational time over variable 

convolution. This method is especially advantageous when computing a set 

of like-integrals where the transform parameter is equivalent to an 
incremented shift in the sampled filter. 
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Sixteen similar, but self-contained, Fortran IV computer subprograms 

utilizing the new filtering algorithms are listed in appendix 1. The 

subprogram naming convention used is given in tables 2 and 3. Each of 

these routines contains comments to explicitly define the calling 

parameters. With minor changes, the Fortran IV subprograms should be 

acceptable to most current-day digital computers. Some examples, using 

the improved filters, are tabulated in appendix 2. 

Finally, the new filtering methods are discussed in light of other 

recently published techniques. 
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Filter design 

The method of designing digital filters for Hankel transform integrals 

presented by Koefoed et al (1972) may be generalized to other type 

integrals expressed as a linear system convolution in the form 

00 

K(x) = f k(y)s(x-y) dy, (l) 

where k(y) = input function (also called kernel function below) 

s(y) = system transfer (or filter) function 

K(x) = convolved output function. 

We may consider (1) as either time-domain or frequency-domain 

convolution. By Fourier transform theory (e.g., see Papoulis, 1962) linear 

convolution is equivalent to multiplication in the transformed-domain; 

that is, 

K(x) k(x)s(x), (2) 

where K(x)++ K(x),k(x) ++ k(x),and s(x) ++ s(x) are Fourier 

transform pairs. For a known system input-output relation, the transformed 

system (filter) response is 

s(x) K(x)/k(x), (3) 

provided k(x) is not identically zero for some x , and bo~h system input 

and output functions have band-limited Fourier transforms. The latter is 

required so that s(x) ~ 0 for x ~ ±00 • 
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The filter impulse response is the inverse Fourier transform of 

s(x) , but would not be useful for convolution unless truncated to a 

reasonable finite length. To this end, we first choose a discrete sampling 

of N points spaced ~x apart and obtain s(xj),j = 1,2, •.. ,N>>O. The sampling 

results in a Nyquist frequency of l/(2~x). A suitable truncation may be 

obtained by cutting-off the transformed response at the Nyquist frequency. 

Note this is equivalent to multiplying s(x) by the Fourier transform of 

the function sinc(x.) = sin(nx./~x)/(nx./~x) • 
. J J J 

The truncated response is inverse Fourier transformed to obtain the 

sampled filter impulse response (hereafter simply called filter weights 

or filter response). In some cases, it is advantageous to shift the 

resulting filter response to further minimize the magnitude of the filter 

tails. For example, see Koefoed (1972) for the reason of the oscillating 

behavior of the filter response and the suggested shift at zero crossings. 

If proper input-output functionals are used, then the final filter response 

should asymptotically approach zero in both abscissa directions. 

Application of the filter weights to specific input functions in (1) 

is given by the non-circular convolution sum 

where w 
i 

K(x) 
NW 
E W.k(x-a.), 

i=l ~ ~ 

filter weights; i = 1,2, •.. ,NW=number of weights, 

x = transform parameter 

ai c filter abscissa corresponding to w
1 

. 

Thus, the convolution integral (1) has been reduced to a straight-

(4) 

forward summation given in (4), and the predetermined filter weights remain 
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constant for all classes of convolution integrals having the same system 

transfer function. 

In practice, many transform integrals encountered range over (O,oo) and 

therefore a transformation to the range (-oo,oo) is required before applying 

(4) to a given kernel function. For example, the Hankel transform of 

integer order n~O is defined as 

H(b) j gh(g)Jn(bg) dg, 
0 

where gh(g) = modified kernel* for Hankel transforms, 

and J (bg) = Bessel function of the first kind of order n. 
n 

Similarly, the Fourier sine or cosine integral is given by 

F(b) 
oo sin b f(g)cos(bg) dg. 

If we let x = ln(b),y = ln(l/g)and after multiplying by ex, equations 

(5) and (6) become respectively, 

and 

X X 
e F(e ) f 

*Many texts define gJn(bg) as the Hankel kernel~ however, we will adopt 

the definition given in (1) and consider the system transfer 

function with ·h*(g) = gh(g) the system input kernel function. 

7 
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Equations (7) and (8) are expressed in the convolution form (1), 

which is assumed when applying equation (4). Multiplying by ex ensures 

that the system response approaches zero for both large and small filter 

abscissas. 

An important consideration in designing digital filters is the choice 

of known input-output function pairs. In previous work by Koefoed et al 

(1972) and Anderson (1973), certain known Lipschitz integrals were used to 

develop Hankel (J
0

, J
1

) and Fourier cosine filters, respectively. Both 

papers illustrate filter responses that are characterized as oscillatory 

decreasing functions in both abscissa directions. The integral forms 

previously used for filter design are indicated by (¢) in table 1 (The 

sine-transform form was previously used by the author, even though the 

filter weights were never published). 
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Table 1. Some known integral transform pairs. 

F = Integral FORM; T = test TYPE; (a>O,b>O for all F,T) 

t; xe-axJ
1

(bx) dx = b/(a2 + b2)3/2 

~ x2e-ax2J (bx) dx = b exp(-b2/4a)/(2a)2 
1 

Jb J 1(a/x)J 1(bx) dx = J 2(2/;ab)/b 

_r; e-axJ 
1 

(bx) dx = c/a2+ b2 -a) I (bla2+ b2) 

~0 (J0 (ax)-l)J 1(bx) = -b(1+2~n a/b)/4, b<a 
x2 { -a /4b, a~b 

~ e-axJ
0

(bx) dx = 1/(a2+ b2)~ 

r; xe-ax
2
J

0
(bx) dx = exp(-b2/4a)/2a * 

r; J
0

(a/x)J
0

(bx) dx = J
0

(2/cib)/b 

3 4 4 t; x /(x +a ) J
0

(bx) dx = ker(ab) 

fa) x/ /a 2+ x2 J (bx) dx = e -ab /b 
0 0 

16 e-ax cos(bx) dx = a/(a2+ b2) ¢ 

r; exp(-a2x2) cos(bx) dx = /rrexp(-b2/4a2)/2a * 

t; J 0 (a/x) cos(bx) dx = sin(a2/4b)/b 

~ 1/(a2+ x~ cos(bx) dx = ne-ab/2a 

¢ 

fa) x exp(-a2x2) sin(bx) dx = /nb exp(-b 2/4a2)/4a3 * 
0 

r; sin(a2/x) sin(bx) dx = naJ 1(2alb)/21b 

r; x/(a2+ x2) sin(bx) dx = ~e-ab/2 

-ax -ax -1 2 2 
!~ e (1-e )/x sin(bx) dx =tan {ab/(b + 2a )} 

¢ previous de~ign form * new design torm 
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If the filter response could be made to decrease more rapidly in 

both abscissa directions, then the filter efficiency as a convolution 

operator would be enhanced. Systems with rapidly decaying input-output 

function pairs have this desired narrow-band property. A search through 

tables of integrals, such as Gradshteyn and Ryzhik (1965), revealed many 

of the integral transform pairs given in table 1. By inspection of table 

1, several promising design forms are evident. After considerable 

experimentation, the new filter design forms were chosen as indicated 

by an (*) in table ·1. Note, however, the J
1 

- form was not changed, 

because the rate of decrease of both input-output functions was deemed 

sufficiently rapid. The remaining filters were significantly improved by 

using the indicated form change. 

The resulting final filter responses are illustrated in figures 1-4. 

In these figures, we have arbitrarily reduced the abscissa range for display 

purposes. The full or extended length of each filter is contained in 

the subprograms given in appendix 1. The reason for extending the filter 

length will be discussed in the next section. 

Another critical factor in filter design is the choice of the 

sampling interval nx. Koefoed et al (1972) discussed the fundamental 

sampling problem applied to a certain kernel function for a homogeneous 

earth model. Their analysis showed a sampling nx = (£n 10)/10 would 

reproduce the kernel between sample points with an absolute error 

-5 approximately less then 10 . Obviously, if we decrease the sampling a 

smaller error is possible, but at the sacrifice of generating many more 

filter weights. Thus a compromise between algorithm speed and accuracy 

is unavoidable. 

10 
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Figure 1.---Filter response for Hankel J 0-transform. 
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Figure 2.---Filter response for Hankel J 1-transform. 
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Figure 3.---Filter response for Fourier cosine-transform. 
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Figure 4.---Filter response for Fourier sine-transform. 
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Therefore, after much experimentation, the sampling was fixed at 

6x z .20 ~ (in 10)/12 for all redesigned filters. This only increases 

the number of weights slightly over the (in 10)/10 interval, while 

enabling greater accuracy in convolved results. The improved accuracy 

is also attributable to extending the filter tails, particularly for 

certain input kernels. True integration truncation error for arbitrary 

kernels is difficult to explicitly derive, because it depends on data 

sampling, filter length, and the kernel behavior. Details on expected 

filter accuracy are given in the next section. 

One criterion used in selecting design input-output functions and 

sampling intervals was to produce convolved results comparable in accuracy 

to single-precision Gaussian quadrature for moderate ranges of the 

transform parameter (i.e., bin equations (5) or (6)). Limiting cases 

(b + 0 or b + oo) generally yield erronous convolutions when using a 

finite length sampled filter. Therefore, other numerical integration 

methods, such as Gaussian quadrature with convergence acceleration by Euler's 

transformation, are advised in this case (e.g., see Anderson, 1973, or 

Anderson, 1974). Methods designed exclusively for highly oscillatory 

integrals (e.g., see Boris and Oran, 1974) are suggested for extreme 

parameter problems. 
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Algorithms 

The Fortran IV subprograms listed in appendix 1 reflect the final 

improved filters designed for Fourier (cosine, sine) and Hankel (J
0

,J
1

) 

transform integrals. Separate versions for both real and complex kernel 

functions are provided. In all cases, the kernel function must be supplied 

by the user as an external written function subprogram. It is mandatory 

that the external function (a) is monotonically decreasing as the argument 

increases, (b) does not have any singularities in the range of integration, 

and (c) is correctly coded. Violation of any of these assumptions may 

produce unpredictable results. 

The substitution used to obtain equations (7) or (8) from (5) or (6), 

respectively, is implicitly assumed by all subprograms. However, the user 

must normalize the convolved sum after execution by the factor ex = b. 

Sufficient comments concerning the calling parameters are given at the 

beginning of each routine, along with additional remarks on parameter 

relationships. The algorithm itself is not annotated, and consequently 

the following discussion outlines the general methodology and contributing 

factors. 

The original filters published by Koefoed et al (1972), and verified 

by Anderson (1973), used a fixed number of weights during the convolution 

process. As later pointed out in a note by Verma and Koef~ed (1973), 

many selected kernel functions damp to zero rapidly and so it is wasteful 

to multiply by the ends of the filter tails; that is, the contribution of 

the filter tails may be negligible to the total convolution sum. Consequent! 

Verma and Koefoed proposed a truncated coefficient set approxjmately 15% 

shorter than their original filters designed for certain electromagnetic 

kernel functions. 16 



This concept was further exploited and a generalization using the 

notion of a variable cutoff method with extended filter tails was adopted 

in this report. Here, a total filter length of approximately 250 weights 

are stored in DATA statements. For a given input kernel function obeying 

the above assumptions (a)-(c), and for a particular filter, we begin the 

convolution process in a fixed central region of the filter response 

containing about 20 weights (the central region is chosen such that weights 

decrease in absolute value beyond the region). Within the central region 

an absolute maximum convolved product is established. Then, depending on 

the nature of the kernel, the algorithm proceeds in either direction beyond 

the central region by accumulating products until the absolute magnitude 

is less than a prescribed tolerance times the central maximum. For complex 

kernel functions, the tolerance criterion is applied in parallel to both 

real and imaginary parts; both tests must be satisfied separately before 

the complex convolution is accepted. 

Since the filter damps rapidly in both abscissa directions, the 

variable convolution may be terminated after using a few additional terms 

on either side of the central filter region, if the kernel is sufficiently 

decaying. Of course, this depends on the indicated tolerance controlling 

the truncation. In general, a smaller tolerance will result in increased 

accuracy, mainly because more ·filter weights are applied over a larger 

abscissa interval. 

17 



The extended filter length is particularly useful in minimizing 

truncation error when convolving with slowly decreasing and/or oscillatory 

kernel functions. Thus a large number of weights are supplied to enable 

increased accuracy for small tolerances, and to handle special function 

classes. For typically well-behaved kernels, the number of weights needed 

is nominal for a moderate tolerance. It should be emphasized that true 

integration truncation error is not directly related to the requested 

tolerance. The tolerance factor is simply used to terminate the variable 

convolution process, whereas the integration error depends on the sampling 

interval as well as the filter extent. However, in many cases, the toleran< 

may be thought of as an approximation indicator--that is, a truncation 

is done so that additional weights would not alter the convolution sum with 

respect to the specified tolerance. 

In any event, it appears a larger class of integral transforms may be 

~valuated as aresult of the variable convolution method. The uncertainty 

in determining exact error bounds for certain function classes may be 

investigated, if desired, by varying the tolerance and/or applying other 

numerical integration methods as control checks. More work is needed here. 

As a starting point, some test results are listed in appendix 2, where the 

transform pairs in table 1 were tested with various parameter ranges and 

tolerances. These results are discussed in more detail in the next section. 

18 



The basic subprograms are classified according to the notation 

defined in table 2. 

Table 2. Basic subprogram naming convention. 

General notation Specific names 
·----·-----------------r----------~ 

Hankel transform 

"' ,-------- - , 
Real ~·R Hk\~ 0 •+ order 

I I 
I I 

Complex-+ Lz __ ~0_1.1_!\ __ 1_ _1 + order 
t 

Fourier transform 

0 

1 

RHANKO RFOURO 
(or COS) 

RRA1"Kl RFOURl 
(or SIN) 

ZHANKO ZFOURO 

ZHANKl ZFOURl 
- ----------··-··--·-----------_..... ___________ . 

Routines for both real and complex functions are provided, mainly 

to speed the operations when dealing with real functions. It should be 

observed, however, that it is possible to compute two real transforms 

in parallel using a complex routine by placing the real functions in 

the real and imaginary parts of an external complex function. 

A special lagged-convolution method evolved by observing the fact 

that if one computes transforms over a parameter sequence {~n b.,i = 1,2, .•. } 
1 

spaced exactly the same as the filter, then it is possible to minimize 

kernel function evaluations as the sequence continues. This may be 

accomplished by storing all kernel evaluations on the first execution. 

Then on subsequent calls, an incremented integer lag (equivalent to the 

shifted sample spacing) is used to perform lagged-products with appropriate 

filter weights and previously saved kernel evaluations. New kernel 

computations are stored only when needed by the variable convolution method. 

The lagged-convolution algorithm yields significant improvements in time 

over direct variable convolution whenever the kernel is not a simple elementary 

function. It should be pointed out that each lagged-convolution subprogram 
requires additional storage space to hold the kernel values. Also, a storage
roll feature is utilized so that the parameter sequence may be of any length. 

19 



The special lagged-convolution subprograms are classified according ' 

to the notation defined in table 3. 

Table 3. Special subprogram naming convention. 

: ~eneral notation Specific names 
.. .. .. -·· . ..... --·-·-- · 

Lagged Hankel transform 
RLAGBO RLAGFO 

Real ~ ;R-- ~-~---a: + order 0 (or COS) 
RLAGHl RLAGFl I LAG I 

Complex+ l_z ____ F ___ ~J ~ order 1 (or SIN) ZLAGHO ZLAGFO 

Lagged Fourier transform ZLAGHl ZLAGFl 

Specific details on executing the lagged-convolution subprograms are 

given at the beginning of each routine listed in appendix 1. It is worth 

reading COMMENT statements: NOTES (2)-(4) for details on using the 

lagged-convolution method for intervals spaced differently than the 

filters. 

Finally, all algorithms (direct or lagged) contain a special case 

which may occur only when the kernel is identically zero (or underflows 

the machine exponent range) throughout the fixed central region of a filter. 

This is considered extremely rare and should not occur in typical applications . 

If it does occur, then a reverse scan is attempted at both filter ends 

and convolution proceeds toward the central region until a zero-value is 

again encountered. 

20 



A final comment regarding oscillatory kernels: because of the 

possibility of computing values near a zero of an oscillating kernel 

function, a very small tolerance is advised; otherwise a premature 

cutoff could occur during the variable convolution algorithm. The 

computer algorithms can be easily modified to use an alternate truncation 

procedure especially designed for oscillatory kernels. 

21 



Filter tests 

A large group of known integral transforms was evaluated for various 

parameter ranges using each subprogram. Some of these results are listed 

in appendix 2, where columns headed by F and T correspond to the transform 

pairs given in table 1. The values listed in column L represent the number 

of weights applied for the given tolerance. Appendix 2 has been separated 

into two parameter sections: (1) moderate b, and (2) small and large b. 

Parameter a was moderately chosen. The computed absolute error is denoted 

as jDIFFI, and the relative error is RELERR=jDIFF/EXACTj. 

The filtered results would be expected to agree well with exact 

values for the design forms, especially for moderate b. Somewhat surprising 

is the good accuracy achieved when using slowly decreasing or oscillatory 

kernels. The worst case, in both sections, appears to be for F=T=3, where 

the kernel J
0

(alx) is both oscillatory and slowly dampening. 

It should be noted that extremely large relative errors (e . g . , see line 

F=l, T=2, A=.l, B=4) usually indicate the exact value is near zero. In 

other cases where RELERR > TOLERANCE, the magnitude of the absolute error 

jDIFFj is generally less than the tolerance. What exceptions do exist, are 

usually for extreme parameters .or poorly behaved kernels. 

As pointed out earlier, when the transform parameter b becomes quite 

small or large, the extended finite-length sampled filter may not be '.adequate 

for some kernels. In this special case, Gaussian quadrature or other numerical 

integration methods are often better. The results in section (2)of appendix 2 

werepurpos e ly generated for very small and large b while using a small tolerance. 

Because of the extreme b range, many exact or filtered results underflow to 

identically zero (this was due to the machine word-length and floating-

point exponent range "' 10±38 ) • Nevertheless, the ge~erality of the variable 

convolution method produced acceptable results in nearly all cases. 
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Discussion 

Other numerical methods for evaluating convolution-type integrals 

are noteworthy. In particular, Cornille (1972) outlines series methods 

and asymptotic expansions useful in numerical integration of Hankel 

transforms. Tsang et al (1974) present a fast Fourier transform (FFT) 

method in evaluating electromagnetic field integrals, and Shubert and 

Lin (1973) discuss computation of convolution integrals by solving an 

analogous differential equation numerically. The last two methods claim 

significant computation time improvements over direct numerical integration, 

namely Simpson's rule or Gaussian quadrature. 

It would be interesting to compare speed and accuracy runs between 

these methods and the subprograms presented in this report. Seemingly 

the lagged-convolution method compares favorably with the differential 

equation approach, in that both methods take advantage of previously 

computed kernel values. Similarly, the FFT method and lagged-convolution 

apparently have comparable operations for parameter sets using the same 

integral form, particularly when using the same sampling interval. If 

various transform integral forms are required, the FFT method essentially 

designs a filter for each integral form; in this case, the predesigned 

filters of this report would have an advantage over the FFT method. 
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Appendix !.--Source listing of subprograms 

A complete listing of each subprogram named in tables 2 and 3 is given in 

the following order: 

Subprogram Beginning line number Page 

RHANKO 1 27 

RHANK1 157 31 

RFOURO 325 35 

RFOURl 504 40 

ZHANKO 680 45 

ZHANKl 845 49 

ZFOURO 1022 54 

ZFOUR1 1210 59 

RLAGHO 1395 64 

RLAGH1 1611 70 

RLAGFO 1839 76 

RLAGF1 2078 82 

ZLAGHO 2314 88 

ZLAGH1 2538 94 

ZLAGFO 2774 100 

ZLAGFl 3021 106 
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N 
-.....! 

1 
2 
l 
4 
5 
6 

' 8 
9 

10 
11 
12 
13 
14 
\5 
lfl 
17 
18 
19 
20 
21 
l1 
21 
24 
25 
26 
27 
2R 
29 
30 
31 
32 
:n 
3 ~ 
35 
36 
37 
)ti 

J9 
40 

REAL FUNCTION RHAN~O(X,FUN,TOL,L) 
C••INT!ORAL F~OM 0 TO tNrlNITY OF "FUN(O)•JO(G*B)*DG" D!FIN!D AS THE 
C RtAL HAN~!L TRANSrORM or ORO~R 0 AND ARGUMENT X(•ALOG(B)) 
C BY CONVOLUTlnN FYLT!PING WITH REAL FUNCTION "rUN"•~ANO 
C USING A VARIABLE r.UT•Drf ~: r.THOO WITH ~XT~NO~D riLT!R TAILs,,,, 
c 
C••B¥ W,L,ANOtR50N, U,S,G!OLOGICAL SURVEY, DENVER, COLORADO, 
c 
C••PARAHr.T~R51 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X " 
FUNCG'• 

TuL~ 

L• 

R~AL ARGUMENTC•ALOG(R) AT CALL) or THE HANKtL TRANSFORM 
EXT~~NAL DECLARED R~AL FU NCTION NAME (USER SUPPLI~D) 1 
NOT~I IF PARMS OTHfA THAN G ARE R!QUIREO, USE COMMON IN 

CALLING PROGRAM AND IN SUB~ROGRAM fUN. 
THE ki:AL P'tJNCTlON fi ' lJN 6fiOULD 811: A MONOTONE 
OP..:CRE:ASING F'UNCTlO ! ~ A~ Tf-1!: ARGUMF;NT G BECOMES LARGE,, 1 
R~AL TOL~RANCE [XC EPT ED AT CONVOLVED TA1LS·~I,E, 1 
11" flLTgl<*F' Ut; <!Ol,* IHX, THEN R~ST !Jf TAIL IS 'tRUNCAtED, 
THIS IS noNE AT Bo:H ~ N OS or FILTER, TYPICALLY, 
TnL <" ft 0001 lS U ,<;IJAl , t; ~ CH<••FWT THlS DEP~ND8 ON 
THE fUNCTTnN fUN AND PAPAMET~R X,,,lN GENERAL, 

A "SMALLER TOL~ ~ I LL USU~LLY RESULT IN "MOHR ACCURACY' 
BUT WITH 11 MORE Wr.lG HTS" br.: ING US&:D 1 TOL IS NOT DIRECTt.Y 
RELATlO TO T~U~CATI ON l R ~ O H, SUT GEN~RALLY S~RYES A8 AN 
APPROXIMATION lNOlCA TO ktt• P' OR V~RY LARGE DR SMALL B, 
ONE SH LHILD liS~: A SI',A!JLCR '!OL THAfl RECOI-4MENDE:O ABOVE 1 , 1 

~ f. S U r, T 1 N C ~ N 0 t f 1 L T i·: H W T 8 • US ED I N T tH': VA H I A B L E 
c n N v ct. u T 1 n N cr, D E P END s oN 'to L A N o ruN > • 

MfN.L=20 AND ~AX,L;1~3-. ~ ~ICH CO ULD 
CJCCliR H ' TOL IS 'i ERY S ~1 At, 1 , AND/OR f'UN NOT DECREASING 
VEkY rA,'?T,,, 

C••TH~ R~~ULTING REAL CONVOLUTION SUM IS GIVEN IN RHANKOr THE HANKEL 
C TRANSFORM IS !HEN ~HANK0/6 ~HlC H IS TO H[ COMPUf~D AfTER EXIT fROM 
c Tlil5 ROUTINl(, •• I 
c 
C••U8AGE•• -~HANKO" ld CALL~O AS FOLLOWSS 
c 
c 
c 

••• 
~XTtRNAL Rf 
I f I 



N 
00 

41 
•2 
4) 
44 
45 
46 
47 
49 
49 
50 
5! 
5~ 
53 
~4 
55 
56 
S7 
SH 
~9 
60 
61 
62 
61 
64 
65 
66 
67 
68 
69 
70 
71 
1"J. 
13 
74 
75 
76 
77 
79 
79 
80 
91 

c 
c 
c 
c 
c 
c 

~~RHAHKO(lLOG(B),RFtTOL,L)/8 

••• 
~ND 
REAL rUNCTION RrCG) 
.~,U8rR SUPPLIED CODE,,~ 
t:NU 

c 
C••NOT!St 
C (1) 1 tXP-UNO~RfLOWtS MAY OCCUR IN ~XtCUTING !H! 
C STATEMENT P'nUCTION CO(Jl) 8€LOwr HoWEVER, 
C THIS IS OK PROVtn~o TH~ M~CHIN~ SYSTE~ SETS ANY ' ALL 
C EXP•UND~RfLOWIS TO 0,0,,,,,, 
C (2), SOME NON•ANSI YORTRAN STATEM~NTS AR€ USED 
C CE,GI DO 120 1~128,1,•1), BUT IT WOULD ~E SIMPLE TO CONVERT 
C TH[6~ STATEMENTS TO ANSI fCRtRAN, IF NECESSARY 111 

c 
c 
c 
C••JO•€XTENO~D fiLTER WEIGHT ~RRAYSI 
C NOT€1 ABSCISSA Co~RESPO~DlNG TO W~IGHT IS GENERATED 
C TO SAVE StORAGE ~SEE STATEMENT YUNCtiON CO(ll) BELOW), 

Ot~lNS!ON ¥TC19)),Y1C76),Y2(76),y}(41) 
l!: 0 IJ 1 VAL~: N C 1:: 0 T C 1 ) , Y 1 ( 1 ) ) , ( 'iT C 7 7 ) , 'i ~ (1 ) ) , ( Y T ( 153) , Y l ( 1 ) ) 

DATA Y1/ 
1 5,e~6!572H:•OA, 
~.9,9007911E•11, 
l•l,Oij9341oH:•tO, 
4.1,3106341E•10 1 
5·1.~3153~1~·10, 
6a1,6850l7HE~to, 
7.t,604l7Sq~·to, 
e • B • q 9 4 6 o 9 o e: .. 1 1 , 
9 1,3222770~ ... 10, 
1 7,07~!:i3B2t.•l0 1 
2 ~,0904~2.5E.•09, 
3 5,21Jl071j(,f:•09, 
4 l,2571400E•08 1 

~ 2 1 8~8J95H:•OA, 
6 6,5740t~6E~OB 1 
1 1,4784461~·07, 
8 l,)09473~E:·07, 

7,lt43477E•lt,~7,a39S565E•11 1 
9,87900S5E•11 1 "9,R675347~•11, 
1,2~4)400~•10,~1,1979399E•10, 
1,615l229E•1V 1 •1,4239602E•10, 
~,1319755E•10,•1,6~JB11SE•10, 
2,~24l81l~•1C,•t,6909l02E•10 1 
4,2i17062~·l0,•1,3n9000tf.~to, 
b 1 ~t8R2~0£•\0,»b 1 6964033~•12, 
1,1219600f.•09, ~.55~1~42E~to, 
2,0600l79E~Oq, 1,2Sl5947E•09, 
4,040~101E~09, 3,l642BH6E~09 1 
8,l16433BE•09, B,20~tA09£•09 1 
1 1 766630lE•OB, 1,9143695~•08 1 
3 1 826B951E~OB, 4,17t2685E•08 1 
8,Jij642BB£"08, 9,866232J£~o~, 
1,8~01974E•07, ?,2129198£•07, 
4,0974B28Ea07, 4,94&2B68E•07, 

s,74e9547E•11, 
1,1118797E•10, 
1,4200767E•10, 
1 1 84862l6E•10, 
2,4824144E•lO, 
),4934166£•10, 
~.245844oE .. io, 
ij,5276151E•10, 
1,5061~56E .. o9, 
1.964662Jg .. og, 
~. 7610700E•09 1 
1,2083635£•08, 
2,595l011E•08, 
5 1 6590075E•08, 
1,2448t111E•07, 
2 1 75:l4203E•07, 
C) 1 10J0ijQ9~•07 1 



N 
\.0 

82 
Bl 
84 
R5 
96 
87 
88 
A9 
90 
91 
92 
91 
94 
9~ 
96 
91 
9A 
99 

\(f0 

1 0 t 
t02 
'0 1 
104 
tO~ 
t06 
,07 
108 
109 
110 
111 
112 
11 3 
114 
11 5 
116 
t17 
118 
119 
120 
t 21 
!22 

9 1~l8.1102~•01, 9,09J9661t•07, 1,10l4721t•06, 1~3554600!•06, 
S 1,647455&€•06, 2,0207696£"06, 2 1 4591294!•06 1 l,0131400E•06/ 

DATA Y21 
1 3,6701~80~·06, 4,4934101~·06, 5,~770076~•06, 6,7015208t•06, 
2 i,1726989t•o&, 9,99~4J01t•06, 1,~194425E•05, i,4909101t~os, 
] 1,R194)88E•05, 2 1 2239184gw05 1 ?.,7!45562€•0~, l 1 317408ijEwOS, 
4 4.o4994~2F.•05, 4,949~7lOE~os, 6,042i440E•05 1 7,3822001E•OS, 
~ 9,0141902£•05, 1,1012552E·O~, l,l448017E•v4, 1,64,8337~"04, 
6 2,0062S70E"04, 2,4501680~ft0~, 2,9930l66E•04, J,6560582E•04, 
7 4,~6~1421E•04, 5 1 4541300~~04, ~ 1 b612648E•04, 8,tl65181E•04 1 

8 9,93747~tiE~04 1 1 1 213812UE•Ol, 1,4 8249458•03 1 1 1 8107657E•OJ, 
~ 2,?.115939~•03 1 2,7012~75t•03, 3,2991~b9E~OJ, 4,02958t7E•03 1 
1 4,Q214244~•0l, 6,oto670o E ~ o J, 7,3 ~ ( } ~~29E•Ol, a,96437os~~oJ, 
2 t.094ol10~•02, 1 1 ll65017E~02, 1.6j14995E•02, 1,9910907E•02 1 

] 2,42&93~5[•02, 2,9612~QbE•02, 3,6070402E~02 1 4,J9769J6E•02 1 
4 5,3264R29~"02, 6 1 446~091~w02, 7,76 64144E•02, 9,2918J24E•02, 
5 1,t000121E•Ot 1 1.~~tlt02E" O l, 1,4~43025E•01, 1,5832248E~01 1 
6 1,60~9~24~·01, 1 1 4170064tn01, ij 1 ~7 8 8108E•02t•1,1l30934f.•O~, 
7-1,53J1864E•Ot,•2,909467o~~ot , •2a9084ti55E•01 1 •2,9708~34E•O~, 
8 3,400960,~•01 1 1,79997B5C~Ol,~ 4 ,SB ~ R139E•01, 1,~317216Ek01, 
9 6,S1A4953E•02,w1 1 0751UOGE•Ol, 1,8429S67E•02,•4,6019124E•02, 
1 2,5J09571~•02 1 •1,3904d23E•02, 'l,B187120E•Ol,•4,5190369E•031 

DATA Y3/ 
1 2,~729062E•03,•1,607l71REw O l, 9,771~622E•04,•5,9B04407~•04, 
2 l,6749l20E~04 1 •2,263~296E•04, 1,396 0 80~~~04 1 •8,6172618[•05 1 
l 5,3212947E•05 1 •3,2967RBAE• 05 , 2,0304203E•OS,•l,254J926~•0S 1 
4 7,749~633F.~06 1 •4,7R82430~•0 6 , 2,9 ~ ~4108E•06,•1 1 8278645E•06 1 
5 1,t293~71~ w 06,•o,9778174E•07, 4,3113019~·07,•2,6637753E•07, 
6 1,64S837l~•07 1 •1 1 016R954E~07, 6,2~29 B 07~~08,•3,8819969E•09 1 
7 2,3985272E•0~,•1,4Yt9520 ~ nO ij , 9,15 6 37 74 [•0? 1 •5~6573541E•09, 
8 3,4954514 ! •0~,•2,1597005~• 0 9, t,ll43946E•09 1 •8,244714BE•10 1 
9 S,o94103J E•10,•) 1 147463lf.•l u , 1,9447072E•10 1 •1 1 2U15u85E•10, 
1 7,424105~E•11 1 •4,5B7146ijE•11 1 2,83130~5E•11 1 •1,751ll37E•11, 
2 6,904961JE•12/ 

C••S&!NDATA 
c 
C••STATEMENT YUNCTJn~·· INCI,UOES AA8CIS5A G ~ N~RATIONI 

COCti)~rUN{ E XP(•X+fLOATCII)• 1 20•26,l0455704))*YT(II) 
RHANKO&Q 1 0 
CMAX~O,O 

L=18 



12l DO 110 !•129,146 
,24 CaCOCI) 
12!5 ~HANKOtz~HANKO+C 
126 CMAX•AM~Xl(ABS(C),CMAX) 

'· 27 110 CONTI~UE 
128 tr(CMAX.EQ,O,O) GO TO 150 
,29 Cto41.XcTOL•C~a X 
130 DO 120 1~129,1,•1 
'31 C=CO(I) 
132 R~ A NK 0 = rtl·U.Nt<: 0 +C 
13] {,:tfJ+ 1 
t. l ~ rr(ABS(C),LE,CMAX) GO TO 130 
t3~ 1~0 CONTINUe: 
1 36 130 DO 140 t:zl47,19l 
t37 c~CO(Il 
138 RHANKO=RHANKO+C 
13~ L:L+t 
14() IfCABS(C),LE,CMAX) GO TO 190 
t 41 140 CONTlNUF. 
142 Gn TO 190 
\4] 150 DO 16<l I~l,128 

w 144 C=COCT) 
0 t4!5 ~HANKO=RHANKO+C 

146 L:!L+l 
147 !r(C,~O,O,O) GO TO 170 
\48 160 C()NTINUE: 
149 170 00 180 !=191,147,•1 
150 C:~CO(I) 
151 lHf AHK O::~HANK O+C 
152 Lni,+1 

'~ 3 trcC,EG,O,Ol GO TO 190 
i54 180 CnllTINVE 
\S5 190 R!:TURN 
t56 I!: NO 



157 
t58 
~59 
160 
Hd 
162 
Hd 
j64 
16~ 
1~6 
1 f.> 1 
ib9 
169 
170 
1 71 
172 
171 
114 
~15 
, '16 
177 

w 
~ 

178 
179 
180 
1 B 1 
1 8 2 
163 
t84 
,85 
~fl6 

197 
18ft 
\99 
190 
i91 
192 
19) 
194 
195 
196 

R~A~ rUNCTION RHAN~1(X,rUN,TOL,L) 
C••INT~GRAL f~OM 0 TO INFINITY or "FUN(G)•JlCG•B)•DG• DtfiNED AS TH! 
C P.tAL HANKEL TR~NSFOR~ Or ORDER 1 AND ARGUMENT XC•ALOG(B)) 
C BY CONVOLUTJ~N fiLT~RING WITH P~AL FUNCTION "FUN"·~ANO 
C USING A VARIA8t,E CUT•orF METHOD toilTti EXTENDED fiL'l'ER TAILS,,,, 
c 
C••AY WIL,ANDEP.SON, UIS.Gr.OLOGICAL SURVEY, DENVER, COLORADO, 
c 
C••PARAMETC:RSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X II 

P'tfN(G)a 

TOL• 

L• 

REAL lRGU~FNT(~ALOG(D) AT CALL) or TH~ HANKEL TRANSFORM 
EXTF:RNAt, OtCLARE:D IU:A.L ~-UNC1' !0N NAME (USE:R SUPPLl!O), 
NOTEI IP' PARMS OTHER THAN G A~E RF.QUIRED, USE COMMON IN 

CALL I rJG PROGRAM AND I H SUBPROGRAM fUN, 
THE REAL f'UNCTION fUN SHOU LO BE.: A MONOTONE 
DfCPEASING rUNCTlUN A3 TH[ ARGUMENT G BECOMES LARGE,,, 
RP:AI, 'i'OLERANC!!; EXC~: VT~: D J\'T' CONVOLn~D TAILS••I 1 !: 1 , 

lr F'lLft.:R•fUN<Tor , ~t·IA X, THEN k~:~T o~· TAlL IS TRUNCATED, 
THIS IS OO~E AT nnTH ~NO S OF' FILTER, tYPICALLY, 
TOL <~ 10001 IS US UALLY OK••BUT THIS DEP~NOS ON 
THE fUNCTIUN fUN ANn PAPnMr;TER X,e,IN GENERAL, 

A "Rt~At~T..~ ER TOt," W!t ,L USilf1T.Io'f ~F.SULT IN "MORE ACCURACY" 
BUT WITH ~MOR~ WfiGHtS" h~ . ING USlD 1 TQL IS NOT DIRECTLY 
RELATED TO TRUNCATIO ~ ERHOR, BUT G~NERALLY S~RVES AS A~ 
APPROXIMATION l~DICA10H, 1 w fOR V~RY L~RGE OR SMALL 8, 
ONE SHOULD liS~ A S~i AU;~J-l !oL THAN RECot-1MENDED ABoVE,,, 

RP.SliLTlNG NO, rlLT ~:R W'I'S, USED IN THE VAHIABLE 
CntiVOLUT lON ( L UEPiliDS ON 'fOL AND t'UN) 1 

MIN.L=15 AND MAX,L=2J6•• WH ICH COULD 
OCCUP 1r TOL IS VERY SMALL AND/OR FUN NOT DECREASING 
v e: H Y p· As ·r • , 1 

C••TH! R!SULTtNG R~AL CONVOLUTION SUM IS GIVEN IN RHANK1J THE HANKEL 
C T~ANSrORM IS TH~N RHANK1/B wHICH IS TO HE COMPUTED AfT~R EXIT rROM 
C THis ROUTINE,,,, 
c 
C••USAGE•• "RHANKl" IS CALLED AS FOLLOWSI 
c • · •• 
C gxTERNAL Rr 
c I I I 



191 
!98 
1~9 
200 
201 
~02 
~Ol 
~f.\4 
20~ 
206 
101 
~OB 

~09 
:HO 
211 
~12 
21] 
214 
7.15 
7.16 
:;!17 
218 
219 
:.!20 
7.2t 
22l 
221 
224 
?.2~ 
226 
').~1 

229 
229 
230 
23t 
232 
231 
234 
l35 
236 
23'7 

C R•RHANK1(ALOG(8),Rr,TOL,L)/8 
c 
c 
c 
c 
c 

••• 
EN!> 
RgAv ~UNCTION Rr(G) 
,.,US!R SUPPLI~D COO!,,, 
t::NI.> 

c 
C••NO'fP.:SI 
C (1) 1 ~XP•UNO~R,LOWIS MAY OCCUR IN EXECUTING · TH! 
C :lT ATEMI!:N't rttNC ·r ION C 1 C1 I) BELOW t HOWEVER 1 
C THIS IS OK PRnVIDED T~~ MACHlNE SYSTEM SETS ANY ' ALL 
C EXP•UND~RfLOW'S TO 0,0,••••• 
C (2) 1 SOME NON•AN51 rORTRAN STATEMENTS ARE USED 
C Cf.:,Gs DO 20 Ja~5,1,•1), BUT IT WQlJ!,O BE SIP~PLE TO CONV!RT 
C TH~SE STAT~MENTS TO ANSI FORTMAN, If NECESSARY,,, 
c 
c 
c 
C••J1•!XTENDED YILT~R W!lGHT ARRAYSI 
C NOTE& ABSCIS5A CORR~SPONOING tO W~lGHT tS GENERATED 
C T C1 5 A\' E S T n RAG!!: C ~ ~!: 5 TAT~ "1!: N T p·u N C T I 0 N C 1 ( I I ) B E L 0 W ) 1 

DIMgNSION ~T(236),Wl(76),Wl(76), W 3(7b),W4C8) 
F.Q t1 1 VAL EN C 1!: ( W T ( 1 ) , W 1 ( 1 ) ) , ( WT ( 7 7) , W 2 (1 ) ) , ( W T ( t5l) , W 3 (1) ), 

1 (WT(2~9) 1 W4(1)) 
OATtt Wl/ 

1•ff,Rt163905E•l0 1 

2·1,3223909fo:•09, 
l•1,4427475E•09, 
4•1.47J5606E•09, 
5·1,5102619~·09, 
,.2,041275]1::•09, 
7-4,0940172~•09, 
8.9,751470tg•09, 
9.2,4126297£•08, 
t .. 6.o051116E•OA, 
2•1,491H997E•07, 
l•l,t>915194E•07 1 

4•8.9502818 E•07, 
5·2.1069398E•Ob, 
6.4.6059955E•06 1 
7.8,2010619E•Of., 

1 1 1~9l811E•09,•1,205Q872t•09, 
l,l642l93E•09,•1,)9f.94l9E•09, 
1,4580582E•09,•1,4nS256lE•09, 
t,4719B7o~~o9,•l,4727091E•09, 
1,56677S2£•09 1 •1,6634522E•09, 
2,359S230~·09,"2,7ij6t017E•09 1 
s.o5'7101~F.-o9,•6,260A109E•09, 
l,2267639E·OB,•1,5312389~·08, 
3,0576829~•08,•3 1 806020~E•09, 
7,678'7475E•08,•9,470099JE•08 1 
l,9392737E•07,•2.3464786E•07 1 
4,94tl800E•07,•5 1 7~5416BE•07, 
1,2794292£•06,•1 1 3Btt469E•06, 
3,410l18ijf.•06,•l,1 5ij 4463E•06 1 
9,~56167~E·O~,~t,4142855~•06, 
2,894S217E•05 1 •B,bJ4ij~66E•06 1 

1,2696232!:•09, 
1,4225941~·09, 
1,47J2179E•09 1 

1,4828225f:•09, 
1,8172900E•09, 
3 1 l~92871E•09 1 
7,8269461E•09 1 
1,9339924E .. 08 1 
4 1 8~23732E,.08, 
1,2lli2844E""07, 
l,0911127E•07, 
7,9l01529E .. o7, 
2,o78966BE•06, 
5,&6l9045E•06, 
1,644o2osE~o~, 
5,2317398E•OS, 



w 
w 

,38 
'239 
240 
2~1 
/.~2 

243 
?.44 
245 
216 
247 
24A 
249 
';50 
;{51 
132 
i5l 
2S4 
?.5!5 
1.56 
?.57 
~~~ 

751 
260 
261 
2b2 
~61 
264 
7.65 
266 
2£-1 
26~ 

269 
270 
271 
272 
?.71 
274 
27S 
276 
'1.77 
}.78 

8•l,99t50l5E•06, 9,72736t2E~os, le5220520E•05, 1,8614313£•04, 
9 1,2023760~•05, 3,6620099t•04, 2 1 2062958E•04, 7 1 3874539E•04, 
1 5,R623480E•04 1 1,52A6779~·0l, 1.45l871~E•Ol, 3 1 1930l65E•Oll 

DATA W2/ 
1 3.4640868g•OJ, 6.7790S82E•03, 8,032B420E•Ol, 1~44B4l39E•02, 
2 1,8201116~•02, ),OA6614Jg•02, 4,0106~49E•02, 6,4527372E•02 1 
3 S,4285526g•02, 1,277l175E•01, t.~u2o9u7E•01, 2,19~8043~•01, 
4 2,3bl6 305~ •0t, 2,4H95051E•01, 1,25~6300E•01 1 •5,t060445E•02, 
5~l,4376222E•01 1 •2,904217~E·01, 1 1 1564736E•01, 4,9253~31~•01 1 
6.4.b74B~~SE•Ot 1 l,S280~~5E•01, j,J34~541g•0~ 1 •B 1 4485~5~E·02 1 
1 7,q7406lOE•02,•6,69l449~~·02, S,51~04b5E•02 1 •t 1 5868'/21E~oa, 
8 l,86~195R E •07,w~ 1 293 5Rl4~•02 , 2 1 R10]Q91E•02,•2,44751~7E•02, 
9 2 ~ t25Q541E•02,•1,&526278 f~G2 , 1,61820J7EN02,•1 1 415810\E•02, 
1 1.2402?25g•02,•l,08735~6E•02, 9,5l Y20 16E•Ol,•8,372174JE~03, 
2 7,JS06t~OE•03 1 •6,45S!13b f•OJ , 5,669b33SE•Ol,•4,9803353E•03, 
3 4,)752213 E~ 03,•3,84J e10 l ~ " 0 3, l,3772023E•OJ,•2,9672972E•OJ, 
4 2,6071~77 E •03,•2.29 0R21 4 [ w03, 2,012H794E~03,•1,7686706K•03, 
5 1,5~4 0Q~R~ •03,•1,l655bb6 t •03, l,1 9 99099E•Ol 1 •1 1 0541497EN03, 
6 9.2644Q7) ~ •04,•8,140 659 l E•04 , 7,t~3t559~•04,"b,28~4459E•04, 
7 5.~2/995 5E~0 4,•4,BSJOJ52E~O ~, ~ 1 264J446E~04 1 •3,7470b50E~04 1 
8 l,2 Y25 334 Ee04 ,•2,&~313 8 2 ~ ·0~, 2,~42t910E•01,•2,2338147E"04 1 
9 1.q~2845~~·04,•1,724745~~- 04 , 1,51~5278E~04,•1,3j16U89E~Q4 1 
1 1,t701~ 0 i.E•04 1 •1,02Y2066E•04, 9 1 0 3 4813SE•05,~7,9lYa568E•O~/ 
D~T~ W)/ 

1 6.9758436E•05,•b.1296474[•0S~ 5,)B6097SEo05,•4 1 7l274l6E~05, 
2 4,tsR64JS~•05,•3,6S4t840F~os, 3,2109174E•os,.~.e2t420~E ~ os, 
3 2.4791718~•05,•2,1784l 9 0E•OS, !,~14t86~E•05 1 •1,6819~88E~05, 
4 l 1 4779578 ~ ·0~ 1 ·1,29&~765E• 05 , 1,141t~2& E n05 1 •1 1 0027182£•05, 
5 8,8109499€ 8 0fi 1 •7,7420~l0~•06, 6,801 923 5E~06,•5,9777053E•06, 
6 ~.252~892~•06,•4 1 bLS~J25~·06, 4,055 5ti5 lE•06,•3,b6361lBE~06 1 
1 l,t3133J5 E •06,•2,75t4911~•06, 2,4tl 1 236E•0~,•2,1244417E•06, 
f. 1,~667342f.•06 1 •1,6402B)9 E •06, 1,1~13051E•06,"1,2664597E~06, 
9 1,1128220E•b~,~9,77~t90~f•07, 8,5 ~ 1902Rf~Ol,•7,5494920E•07 1 
t 6,~3J5060~•07,•S,8286113~·0i 1 5 i 1213l58E•07,~4,~9984l1E•07, 
~ l,95l7134g•07 1 •3,47JB6H9f•07, J,O S 2~189[•07,•2 1 6817J5UE~07, 
l 2,3561ijJtg•07,•2.0701197E•07, 1,BJ ~ti0 12E•07,•1,5979545E~07, 
4 1.4o3a9 6~i ~07,•1,2lll74bEw07, 1,0Sl5294E•07,•9,5185048£~os, 
5 A,161~1&~ ~ ·0 ~ 1 •7,3443411 EnOH , b,450511RE•08,•5 1 66~81&7E•08 1 
6 4,97 40 42R g RQR,"4e36b5 5 72E~ Oe , 3 1 8]21109E•08 1 •l,361&717E~08, 
1 A,9472836E•08,•2,58194l~E· O~ , ~,2594957E•09,•1,97~Sl53£•0B, 
8 1,72~3l59f.•08,•1,49B7869~•0 6 , 1,l OO J47ag•09,•1 1 1l400SQE"08, 



~79 
290 
281 
?.82 
?.8) 
,84 
?.05 
7.86 
281 
?. AR 
~89 

i! 90 
:! 91 
2?2 
291 
2 94 
;:! 95 
:!96 
?,~;'1 

298 
299 

w )(10 
~ )01 

.!02 
301 
104 
30~ 
:fO~ 

107 
JOR 
)09 
)10 
l1l 
)12 
Hl 
114 
315 
316 
~17 
118 
319 
J2" 
1?.1 
3~2 
323 
324 

9 9~672l1l9E•09,•8~2794392t•09, 7,04l8407E•09,•5,9509676t•09, 
, 1 4,989240SE•09,•4,144l81le•09, 3,4088114t•09,•2,77S2762~•09/ 

DATA ~4/ 
t 2,2217ll1E•Oq,•l 1 7504755E•09, t,3485207E•09 1 •1 1 00809l7E•09, 
2 7,230088SE•10 1 •4,9860666E•l0 1 3,012t41JE•10 1 •9,t649798E•11/ 

C••S$ENt)A'l'A 
c 
C••STAT~M~Nf fUNCTI~N•• INCLUDES ABSCISSA GENERATXONI 

CtCII)~rUH(~XPC•X+FLOATCll)•,20•17,0))•WT(ll) 
RH~ f~p(. t•o,o 

CMAX~· O,O 

tl.: 1 J 
no to 1=86,~8 
C=C1Cl) 
R!HN !< t IIRifANKt+e 
C ~ AX=~MAi1(ABS(C) 1 CMAX) 

10 c nN 't'! NH e: 
!FCC HAX.£0,0,0) GO TO 60 
c t~ A X..; T l) TJ * c I~ A X 
00 lO 1=85,1 1 •1 
C=Cl(l) 
RHANt<l=RHANK1+C 
L=L+l 
IrrA ~ S((),L~,CMAX) GO TO lO 

20 CO N 't'l~Ue: 
lO 0 0 40 lt99 1 236 

c::c t( t) 
PHA NI<t:RHANK1+C 
L=td 1 
rr(ABS(C),LE,CMAX) 00 TO SO 

40 CON TlN Ug 
50 R ~TU~N 

60 on 70 Ia1 1 85 
C::Cl(I) 
RHANK1:&RHANK1+C 
L=L•1 
IF(C, C. Q.O,O) GO TO SO 

'7 0 C n N T I N U ~: 
eo on 90 1•216,99,-l 

c:~~c 1 co 
RHAI'lKl•RHANKt+C 
L•L+t 
IrcC,EQ~O,O) GO TO 50 

90 CONTINUE 
GO TO 50 
E ~m 



w 
\Jl 

)~5 

326 
327 
~2R 
329 
)]0 
331 
332 
333 
334 
3 3!; 
~3n 

:H7 
:'IJ )A 
3]9 
J40 
34\ 
:.42 
343 
344 
)45 
:H6 
.'H7 
]48 
34Q 
.;so 
)51 
]~2 

15 J 
:\54 
:\55 
)56 
J 57 
~5B 

359 
360 
361 
362 
)6] 

~6· 

R~AL rUNCTION RrOURO(X,rUN,TOL,L) 
C••INT£GRAL FRO~ 0 TO IN~INITY or ~rUN(G)*COS(G*B)•DG" D~riN!D AS tHE 
C REAL TOURIER COSINr. TR~NS~ORH ~lTH ARGUMENT XC•ALOC(B)) 
C BY CONVOLUTION FILTERING WtTH RtAL FUNCTION "fUN"~•AND 
C USING ~ VARIABLE CUT•OrF MgTHOO WITH tXTENOED fiLTE~ TAILS,,,, 
c 
C••BY w.L.~ND~RsON, 
c 

u,s,GEOLOGICAL SURVfY, PtNV~R, COLORADO, 

C••~ARA"1F.T!!RS I 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X • RE~L A~GUMENT(~~LOG( ~ ) AT CALL) or TH~ FOURI~R TRANSFORM 
FU~(G)• ~XT~RNAL UKCLlR~D R~AL fUNCTION NAME (USER SUPPLI~O), 

TOL11 

L,. 

NOT!: I IF' PARMS OTHEB TllM-9 G ~ R!: REOUI REO, USE COMMON IN 
CALL I HG PROG~AM A ~D IN ~llfWROGRA~ F'UN 1 

THC R~At F U NCTl n~ FUN SH0ULO AE A MO~OTONE 
De:CREAS!NG ru rKTHI ~I AS THF.: ARGlJ IH:.:NT G BECOMES LARGt,~, 

R!:AL !OTJtf{A NCE f.: XOP TF.:o AT CClNVOI,VED 'rAILS.,•I,~., 
lP' P'ILl'~RH'UN<T rlL.,.. 11~X, TllE:N HI::ST Of' TAIL IS TRUNCATED, 
THIS 13 onNE AT l3 0TII ~:11 0 5 OF P'U/I'£R, TYPICAl,LY, 
T C1 I, (:: , 0 0 0 1 I ~ U S I l A L l1 Y 0 K • .. B U 'f T H I S 0 £:: P F~ N 0 S 0 N 
T H ~ rUNCTION ~U N A ~O PA PAMl TER X,,,IN GENERAL, 

A "SMAr .tJP:R TOT~" ~J.IJ , L liSll.ATJI,Y RES ULT IN "HORE ACCURACY" 
8UT WIIH "M ORE: wf:I GHTS" hE J~G USI::D, TOL IS NOT DIRECTLY 
REL~H.: D 1'l1 TRU1lC ATH11~ EkHO }~, BUT r.~NERAI,LY S ERVES AS AN 
APPROX!MA~1nN INOl CATO H,,, fOR V ~ Rt LABGE OR SMALL B, 
ONE SHCJtJ[,O USE A bt1 ALL~: R rnt , THAN RE:C0~11>1ENDED At:WVE,,, 

Rf. S\II.J'l'!NG !10, ~· tvrl-~ k '!'JT ~, liSED IN l ' JH:: VAHIABLE 
c r:w v or, u r t n N c t. rn. P r.~ n us oN To L A No fuN > • 

HIN,lJ=24 AND MAX,L.::2~1•k•'f l t1!CH COULl) 
OCClJR 11" TOL 15 VERY SHALL AND/OR f'UN NOT D!:CR~ASING 
VP.::RY P'AST,,, 

C"'•TH~ JltF:5U~T.ING R~~L CONVDLll'l' ION SU M IS GIVE"f IN RFOtJROJ TH~ F'OURlER 
C TRAN!rORM IS THEN RrOURO/H WHlC rl lS TO BZ COMPUT~O AFTER EXIT F~OM 
C THIS ROUTINE,,,, 
c 
C• 011 U8~Ct•• "RP'OURO" IS CALt,P.:O AS FOt,LfJ14St 
c • · •• 
C r.xTgR~AL Rf 
c ••• 



l;.J 
()"\ 

365 
~66 
~67 
361J 
)6~ 
)70 
) "/1 
:n2 
37 J 
,.,~ 

375 
:nr, 
311 
179 
379 
:, 8 0 
3A1 
182 
1R l 
3R" 
~a!S 
) 86 
J 87 
'OB 
.~99 
)90 
391 
)92 
~91 
394 
~95 

396 
.~ 91 
)99 
~99 
qQO 
401 
402 
•! 0 l 
404 
·105 

c 
c 
c 
c 
c 
c 

RaRrOUP.O(ALOG(8),~F,TOL,L)/8 

••• 
~NV 
REAL rUNCTION RrCG) 
.,,US!R 8UPPLI~D COD~ttt 
E~D 

c 
C••NOT~Sc 
C (i)e ~~P•UNn~~rtoWiS MAY OCCUR IN EXtCUTtNG THt 
C STAT~MENT ruNCTION COCII) BE~OWI HoWEVER, 
C THIS IS OK PROVIDED 1HE M~CHLNE SYSTEM SETS ANY ' ALL 
C EXP•UND~RfLOW'S TO 0,0,,,.,, 
C (2), SOME NDN•ANSI roRTRAN STATf~ENTS ARE USED 
C (E,Gt DO 120 13148,1,•1), OUT lT ~OULO BE SIMPLE TO CONVERT 
C TlfESE STk!I::~ENTS TO ANsi F'DRTRAtl, IF NECESSAkYttt 
c 
c 
C••COS•EXTENDED FILTP.:R WEIGHT ARRAYSt 
C NOTEI ABSCISSA CnRRESPO~DING TO W~IGHT IS GENERAT!D 
C T 0 8 A VI'; S '! 0 R .~ G ~: ( Sf. I': STAr P.: MEN T , . UN C T I U ~ C 0 C I I ) BEL 0 W ) t 

004E~SIIIN YT(2ij\),Y1(16),Y'2(76),YJ(76),Y4(~3) 

P.:Q 11 l V hL t:N C E ( Y'f ( 1) , Y 1 (1)), ('iT ( 7 ·7) , Y 2 ( 1 ) ), ( YT (1 'l), Y J ( l)), 
t (YT(219),Y4(!), 

DATA Yl/ 
1 5,117ti1011::•14, 
2 6.4179780E•14, 
3 1w7534lQ.H;•11, 
4 2,'l81~757E .. ll, 
5 4,0349917E•l3, 
6 8,9911b~SE•13, 
7 1.9~lij56~E·12 1 
8 1.l927l4tf.•l2, 
9 l,0063~2'H: .. 1 t, 
1 2 0 27:l00511::•1\, 
2 5 I (J7 ~; l () 6 A E • t 1 , 
l 1.122') ))6~•10, 
' ~.4QJ174Jl:•to, 
5 5~~502537E•10, 
6 1. 23~4AOOf; ... o9, 
1 2,7~99027f.•OQ, 
8 b,12059~0E•09, 

2.943l949E•14, 
t .. l0857ti6~-1~, 
7,9.17l498!·t~, 
1,9714260E•13, 
5,2203d8~£!:·1J, 
1,1709731E .. 12, 
2,629<J768E•1'2., 
5,752690"E•12, 
1,2487~f.4l::u11, 
2 , ·1 4 5 2 5 9 ~H: "" 1 \ , 
6,1094382£•11, 
t t367~46«a: .. to, 
3,047066H: .. lO, 
6 1 779J669E•l0, 
1,50852551::·09, 
3,l56CJ~25EcOCJ, 
7,4703)99~·0 9 , 

2,5192S2'-E•14, 1,90J48t9E~14, 
1,1~~y957E~1J 1 •1,2216234£•14, 
2,1~3~6~8£•13, 7,9981520£•14, 
2,B920132E•Jl, l 1 4161l40E~13r 
~,98J722lE•1l 1 7,8015l06E•13 1 
i,~16SS95E•l2, 1~7578463E•12, 
2,9167697E~12, 3~9044l44E•12 0 
6,6569552~·12, 8,4555678f.•12, 
1,5134oB2E~11t 1,85014~~E~11, 
le4U2544JE•11 1 4,087~985E•11, 
7 1 54929~2E•11, 9,14~5759E•11 1 
t,6 72o7.69F.•to, 2,0423244E~to, 
J,7198526E•10 1 4,5449934E•lO, 
9,2B100JlEn10, 1 1 0112b26E~09 1 
1,84322~3£•09, 2,250ll97E•09, 
~ .to2sb7og•o9, s.oo77487E•09, 
9 1 13127b0[•09, 1,1l~l911E•OB, 



w 
---J 

406 
407 
408 
409 
410 
-~11 
412 
41) 
414 
415 
416 
417 
•11 9 
419 
420 
-121 
4 'Z2 
4;2] 

424 
•l2~ 
126 
427 
ol(Q 

429 
430 
431 
432 
431 
434 
43!> 
4)6 
437 
438 
439 
440 
441 
441 
443 
444 
445 
446 

9 1,1622929!~08, S~662l917[•0A, 2,0~24094[•08 1 2~4198610~•08, 
1 l,Oll1709E•09, 3,6992986£•08, 4,5237482!•08, 5,5183434E•OB/ 

OlTA Y21 
1 6.7491070£1:•08, 
2 1,5022907E•07, 
3 3.J44104M: .. o7, 
4 7,444)&65£::.-07, 
~ 1,6573073E•06, 
6 l 1 nR98R16E•06 1 

1 s.~tf!0716E:•OF~, 
8 1,A29~S30t::•05, 
9 •,o7~1046~Po~, 
1 9,07800U5E•OS, 
2 2,022 '/521E•04, 
3 4,50tl3748t:•04, 
4 l,OOS1? .3RI!:•03 1 

5 2,242105l'lg•Ol, 
6 5,0(J2~66(,E•Ol 1 
7 l,ti60132P.:•02, 
8 2,48008tt~·0:7., 
9 ~.~9051'53~·01, 
1 1,o317190l!:•Ot, 

DATA '!3/ 

8,2.317946~·08, 
1,8116969[•07, 
4,0756197!:·07, 
9,067975Je: .. o7, 
2,0t74~73E:.ot>, 
4',4879625E·06, 
9 1 992 8o 1J1E•Ot?, 
2 6 :l2U2672E:•fJ5 1 

4,11372484!::-.os, 
t,o?76Bl7E .. o4, 
2,43~8.DRF.:· 04, 
s , 4 2 1 3 3 ; a e: • \) .,. , 
i,2041401E•OJ, 
2,67l0b76E·03, 
5 1 928S66BE•03, 
1,l119627E•02, 
2 • 8 7 9 ) 7 0 4 ~; .. 0 i , 
6,080~b60E•02, 
1 1 037771tH>•Ol, 

1,0069271~·07, 
2,2413747€•07, 
4.9H94278E•07 1 
1,1107379~ .. 06, 
2,47287<J8E .. Q6 1 
5,S059~21E•06, 
1,2260S:l7E•05, 
~.73 05 154E•05, 
6 I 0 0 2 (/~ 4 1 E • 0 5 , 
1,.3:; ~(J4 0Qt::•04, 

3 , 0 1. 9 1 (} 1 fH.: • 0 4 1 

6,7J15H.7E•04, 
1,5 0 11 H18E .. 03, 
J 1 3 '!90 68lE~~tOl, 
7,47 J0 905E•0) 1 
1 a bo5 3199E•02, 
3,n76206Je: .. o2, 
7.7 08 ) '138£•02, 
1,1H924!08E•01 1 

1 ', 2279 375E•07, 
2,732286SE•07 1 
6 1 079323lE•07, 
1,3525tiS1E•06, 
3.0090445E•06, 
6,6935820E-o6, 
1,4888061E•05 1 
3,3109b7u: .. os, 
7,J619571E..-os, 
1,6lb~675E•04, 
3 1 fl3707bOE~04 1 
8,0000951E•04, 
1,7942344£,03, 
3,98150501::•03, 
B,e;a3)SlOE.,Ol, 
1~<;472767E•O:l, 
4,2~28780£•02, 
8 • ) 8 '1 4 5 0 1 E • 0 2 , 
9 1 04J742YE•02/ 

1 7,t6A51lA~e02,•3,947l064t~02,•1 1 507g720[•0l,•4,0489859E•01, 
~.5,~01BQ95~•0t,•6,8050l89[•01,~1.5094224E•Ol 1 6,6304064E•01, 
l 1,17~674A~t00,•8,0l1l222E•01 1 •1,0H6962QE+OO, 1,2812892E+00 1 
,.S,03410~2£~01 1 •4.427445~E· 0 2, ~.o~t~l02E•01 1 •1 1 99~9661E~01 1 
5 1,~207664~•01,•1,09~0/.60E•Ol, 7.8l M995 6g~o2,•5,b651561E•02 1 
6 4.t61179~~·02,e3,0890012[e02, 2,3072~59E~02 1 •1,7111b31~•02, 
7 1 • -~ 0 :11 4 4 2 E • V 2 1 • 9 • ~ 0 8 50 2 5 ~; • 0 3 , 'I 1 3 ~H 3 52 9 ~ • 0 1 1 • 5 1 57 o 9 5 1 R E .. 0 3, 
8 4,2073\64g•OJ,•l,1745026E•Ol, 2,J ~ ·;41~4!•0l,•1,8076122E•03, 
9 1,J&4081~t.·OJ,•1 1 02939l4E•03, 1 1 7 n0 ?.952~•04,•5,862l51~E"04 1 
1 4,42403~q~•04,•l 1 33861BJE•04, 2,S19S02S~~o4, .. 1,901l541E•04, 
2 1,43186~Q~•04,•1,0928284E~04, ij,t11 6 174E•05,•b 1 1667509~"05, 
l 4,~537684~·05,•l,5ll9987E•O~, 2,6~0)Jij8E•05 1 •2,0000904E .. OS 1 
4 t,50937&s~-o~,·1,1l9os7~F.•OS, s,s s ~;9318!•06,·~.4869~o7E•06, 
S 4,R9~1713E~0~,~3.6942BlOE~06, 2,7B7&625E•Oo,•2,1038241E•06, 
6 1,5B75917E•06,•1 1 1980090Eg06, 9,0J9&0l0!•07 1 •6 1 8208~9bE•07, 
7 5,1458650£•07,•3 1 Y8!75R1E~07, 2,9272267~•07 1 •2 1 2067921E•07, 
8 1.fib13514~•07,"1e2~l410~E•07, 9,4v3453Sl•OY,~7,05~6837E•08, 
9 5,2741581E•OA,•le9299otOE•08, 2,9107255~•08 1 •2 1 1413993E•08 1 



,;J 
::0 

447 
~4~ 
449 
450 
451 
452 
453 
454 
15!5 
456 
,~7 

45R 
<1~9 
460 
451 
46~ 
463 
464 
465 
~66 
46'7 
468 
469 
t.\10 
471 
412 
47.1 
474 
475 
476 
4 7 ., 
41P 
479 
-480 
481 
482 
481 
484 
485 
186 
18 7 

1 t,57420l2E•08 1 •1 1 1498~08t•08, 8,756t571!•09 1 •7 1 2959446E~091 
DATA Y41 

t 6,8816619E•09 1 e8,9679825t•09, 1,42S8~75~•08,•1~9564299E•08, 
2 2,02l531JE•OS 1 •1,472554~E•OB, 5,4b32820E•09, 3,5995580E~09, 
J~9,5287133E•09 1 1,1460041E•08 1 •! 1 0250Sl2[•08 1 7,4641748€•09, 
4•4,4703465E•09 1 2,04990SlE•09 1 •4,~806353E•t0,•4 1 0374336E~to, 
5 7,0321001E•10 1 •6 1 7067960E•tO, 4,91304v~~·10 1 •2 1 88407~7E•10, 
6 1,237)144E•t0,•1,S260443E•11,•4e2027559~•11, 6,1985474£•11 1 
7.5,92739J7E•11, 4,6588?66t•lt,~J,2054182E~tl, 1J983t637E•t1 1 

8el,t2t0099E•l1~ 5,9567021€~12,•3,2127U12E•t2, 2,tl53868E•l2, 
9.1,9476~5tE•12, ,,8~~H474£~1;,•1,9362S42~•12 1 1,7241847£•11 1 
1•1,5161479~·12, 1,2&276~7E~1,,~1,0!29176~~12 1 7,957862~E•ll, 
2•6,2tjt4J5E•1) 1 4,874S900E~13,~J,8703tiJOE•1l, l,1172547E~tl, 
l•2,53~7B02E•l3 1 2,0824130E•13,~1,7!23163[R13 1 1,4lt334~E•1l 1 
4•1,1687986~•13, 9,7664016~"1~,.a,2977176E•14, 7,25152b7E•14, 
5.5,6047479E:•14,/ 

C••l sEtWA TA 
c 
C • • 8 T A ·r f.tJ. € N T f' UN C T 1 0 N • • 1 ~ C: L 1J 0 E S At~ S C 1 3 ~A G E.: N t RAT I 0 N I 

C0Cll)~fUN(tXP(vX+~LOAT(ll)*e20•]0,302512)6))*YT(ll) 
RP'OUR0-=0,0 
CMfi.XGQ 1 0 
IJ:z22 
nn 110 1•149,170 
CcCO(l) 
~ F'l1111H~-:: RfOU~ 0 +C 
C~AX:~MAX1(ABA(C) 1 CMAX) 

ll 0 C 0 N 'rJ N U E 
!f(CMAX,ED,O,O) GO TO 150 
0 ·' A X~TOTJ*C MAX 
00 120 1•1~8,1,•1 
C=COt!) 
RP"OlJHOc:Rfl'OURO+C 
L=L+l 
tr(ABSCC),L~,CM~X) GO TO 130 

120 CONTINUE 
1]0 00 140 1•171,201 

C.•C:O (1) 

RF'OlJRO:sP.rOUP.O+C 
L:li1 + 1 
tP'(AH~(C),LE,CMAX) GO TO 190 



.J>-
0'\ 

720 
721 
'12 2 
723 
"1:?4 
725 
726 
727 
718 
71.9 
730 
? 31 
132 
7):l 
7 .14 
"135 
'736 
.,J7 
738 
., 3 9 
., 4 0 
741 
742 
'I 1$3 
744 
74!) 

746 
747 
"I 4 B 
'/49 
750 
7~1 

752 
753 
754 
'75~ 

"156 
757 
758 
759 
760 

C••USAG!•• "ZHANKO~ I! CALLED A8 fOLLOWSI 
c .~. 
C COMPL~X ZrZHANKO,zr 
C EXTERNAL zr 
c • · •• 
C z=zHANKO(ALOG(B),t,f,TOL,L)/8 
c 
c 
c 
c 
c 
c 

... 
E~W 

COMPL~X fUNCTION ZFCG) 
,,,USER SliPPLIED CODE,,, 
~ND 

C••NOTEti t 
C (1}, EXP~UNO~RPLOWIS MAY OCCUR tN EX~CUTING THE 
C STATEMENT fUNCTioN COCII) BELOWJ HoWEVER, 
C THIS 19 OK PROVID~n TH~ MACHIN~ SYST~~ S~TS ANY & ALL 
C EXP•UNDF.:Rfl,nW'S TO 0,0,,,,~, 
C ( 2l, S IJ~IE tJQN .. ANSI f'ORTRAH S'rATt:MENTS ARE USED 
C C~r G I DO 120 !=128,1,•1), AUT tT WOULD HE SIMPLE TO CONVERT 
C TH~5~ STATE MENTS TO ANSI FORTPAN, tr NECESSARY,,, 
c 
c 
c 
C • •11 0 • EX T F: N n F.: D F 1 L T F.: R W f. I G H T ~ R RAY o 1 
C NOTEl ARSC!SSA CORR~!PONUING TO W~JGHT IS GENERATED 
C TO sAVE STORAGE (Sf:!:; 5TATEt-1ENT FuNr.TION CO(Il) BELOW), 

DIM~NSION YT(l93),Y1(7ti),YJ(7b),YJ(41) 
~ QV IVALENCE (YTC1) 1 Y1(1)),(YT(77),y~(l)),(YTC15l),Yl(1)) 

OATA Yl/ 
1 5,q~b572lE•Os, 
2•9 1 900791tE~1t, 
3~t,OR93474E•10, 
4·1,l10bl-4tE•to, 
5 .. 1 • 5 ] 1 5 .H~ l F;. 1 0 I 
fl .. 1,6&5037~F. .. 10, 
7•1.6041759 1£ •10, 
8.8,Q94fl09 6£ •1t, 
9 1,'l222770E•10, 
1 7,o7953A2E:•to, 
2 2 1 09042.25E•09, 
l 5,29307ij6E•09, 

7,1143477E•11,•7,A395565E•11 1 
9,B7900S5E .. 11,·~,H675347E•11, 
1,2S43400E•10 1 •1,t97 93 99E•10 1 
1,61~1229 E .. 10,•1 1 42l Bb02g•10, 
2,1319755E•10,•1,6~ 38 11SE•10, 
2,9243 B1 3f.•10,•1 1 690930 2g•10, 
4,24170H2E,.10 1 •1 1 3A,9n00 tEN10 1 
6,6t8R220~·tO,• fi ,~q 6 40lJE•12, 
1,1219bOOE~09, 3,55 9 t442E•l0 1 

2 1 0600l79F.•09, 1 1 2Sl 5947E•09 1 

4,0409101E•09, 3,36428~6E• 0 9, 
8,31b43JBE·09, 8,202t909E•09 1 

8,7489547!:•11, 
1,1118797E•10, 
1,4200767E•l0, 
1,84962lb!!;•l0, 
~,4824144E .. lO, 
3,493.3bbE:•10, 
5.24S8440E•l0, 
8,527615H>•10, 
l.50td 956E•09 1 
2,86466231!:• 09, 
5,76&770 0£ .. 0 9, 
1,2083635E•08 1 



t.SO 
b81 
f,82 
68] 
f'84 
68~ 
686 
~67 
688 
(;89 
f 90 
6(/ 1 
()92 
~93 
f, 9 4 
(: 9~ 

696 
(\ 9 7 
(19~ 

699 
.,00 
701 

n 702 
., 0~ 

704 
'105 
706 
707 
'70A 
709 
710 
111 
712 
71J 
714 
'71~ 
716 
117 
'71H 
7!9 

COMPL~X rUNCTlON ~HANKO(X,rUN,TOL,L) 
C••lNT~GRAL f~OM 0 TO INriNITY or "rUN(G)•JO(G*B)•DG~ OEFINtD AS TH! 
C COMPLEX HAnKEL T~AN~FURM OF ORDER C ANO ARGUMENT X(aALOG(8)) 
C BY CONVOLUTION FILTERING W1Tp.4 COMPLEX ftJf lCTION "fUN"~ .. AND 
C USING ~ VA R I ABt1E C UT•OfF i-1ETHOO W l Tli EX'rf;NOEO FILTER TAIIJS,,, 1 c 
C••BY WtL~AND~RSON, U,S.GEOLOGICAL SUkVEY, DENVER, COLORADO, 
c 
C ••PARA!IIf. tl:RS I 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r. 
c 
c 
c 
c 
c 
c 
c 

X c R!AL ARGUMENTc~ALDGC8) lT CALL) 0~ THE HANKEL TRANSrORM 
f' tlN((D:s E: XTE; R~AL DECLARED COMPl; ~·:X fUNCTION NAME: (US!:R ·SUPPLltO) 

Uf ~ RE~L ARGUMENT Gt 

TOL~ 

L• 

NOTEI zr PARMS OTH ER rHAN G ARE RE:01JIRF.:O, USE COM~10N IN 
CALLING PHOGHAH AND lN SUBPROGRAM FUN, 
T~~ Cfl~PJ1E .'< f'tJNC'l' ION F' UN SHOULD BE: A MONOTONE 
D FCBE~ .. <;JNC P'UNC 'f lO '~ AG ThE ARGUMt:NT G BECOMES LARGE,,, 

rOR RrAL•DP.JT1Y F' llNCTi u l~ .c;, SlliJPROGI"<AM "FdL\NKO" lS J\OVlSEDf 
H 0 I 'I' f V f. R , T W 0 R t:: 1\ L- f lJ ~ 1 C: 'l I ( HJ 6 f 1 ( G ), F' ~ ( G ) M A Y BE 
INTfGPAT~D I N PARALL ~ L BY ~kiTING FUN:CMPLXCF1(G) 1 f2(G)) 

KFAL l' O f ,f.RAfi C~ ~XCt:l-lTF.:fl :,T CONVOLVED TA!IJB•wz,l!;,, 
I I' t' I I1 T e: K * F' I J N < T 0 L *'"A X , T U e: N R f: S T fl f . T A 1 L I ~ TRUNCATe; D 1 

THI~ TS OO ;.JE: AT l\rlTH t-:tiDS OJi' fiLTER, TYFJCALL'X, 
7t1L <= ,0001 lS liS !JALT:Y ilK "'•nUT TIHS D~ k-!£ HDS llN 
THE P"li~CT lON f1J 1l AND p:.f.-J; I-<~T£ R X.,, IN GENf;RAL, 

A " s ~\ A Vi ,l H T 0 L p w I L v I; ~; l i A LT I 't HE 511 L 1 t N II 1-1 0 k ~ A c c u RAcy If 
BUT IHTH " tWRE: W!!lGHTfl'1 ~· ~ . i;JG UIH~ I>, TOL IS NOT DI~ECTLY 
Rf.L:l\ T[() TO TRUNCA 7' ru ;J EFHHl F, BUT GENE:RALl,Y SERV F.: S AS ~N 
APP~OXl~AT10N lNOl~Ar n H~,, FOR V~RY LA~G~ 0~ SMALL e, 
o N t: s H r J i J L u t 1st: A s n .\ : 1 i J t: R ·r; 1 t) ·r H AN l{ E c o ~~ ~~ E No F.: o A B o v E , , • 

HF:SllfJTlNG NO, F.t l T;·;R WTS , USED IN 'fHE VAH!ABLE: 
C n N V 0 r , lJ ·rz 0 N ( L li r. H~ ·'!D S 0 N T 0 L Ml 0 :·· UN ) , 

1'1 I N • 1 I= 2 o A N n MIt x • L c 1 9 J .... •m 1 c B co u J; o 
OCCUR 1¥ TOL IS VERY SHALL AND/OR ruN NOT DECREASING 
VERY FAST, .. 

C••TH!! RESULTING COMP(.F; )( cn rl VOLU1ION 5ll~ t 5 GIVEN IN ZHANKO J THE HANK!L 
C TRANSFORM IS THE N ZHANKO/B WHICH l5 TO BE COMPUTED AfTE~ EXIT FROM 
C THIS ROUTINE~, •• 
c 



w 
1..0 

488 
4S9 
(.90 
~· 91 
492 
~9) 
494 
6. QS 

496 
4 97 
4 9 8 
4 99 
! ~ 00 

~ 01 
~, o 2 
~ 0) 

140 

1~0 

160 
!7C 

180 
190 

CONTINUE 
GO TO 190 
00 160 I•t,t48 
e:CO(l) 
PP'UUROaPf'OUPO+C 
LxL+1 
tr(C,Ea,O,O) GO TO 170 
CO NT. I N U ~ 

on tijO I=29t,171,•1 
C=CO(l) 
RP'OURO=lU' OUROtC 
JJ :1 L • 1 
lrCC,ga.O,O) GO TO 190 
c n !I'T.l 1-1 u P: 
RF.: TUP. N 
!': ND 



504 
505 
~06 
~07 
509 
509 
510 
~11 
S12 
~11 

514 
!:\!S 
~16 
511 
">19 
51~ 
~- 20 
521 
~· 12 
!'i23 
•,; 2 -t 

+:-- !;25 
0 !526 

!)4i1 
528 
!52q 
530 
~31 
532 
!131 
534 
!D5 
~36 

517 
~38 
!1;)9 

540 
541 
S42 
543 

P~AL rUNCTION RrOUR1(X,rU~,TOL,L) 
C••tNT~GRAL rROM 0 TO INFINITY or ~FU~(C)•slN(G•B>•DG" DEriNED AS TH! 
C REAL FOURIER SINE TR~NSP'ORM WITH AkGUMENT X(eALOG(B)) 
C AY CONVULUTION rtLTERING WITH REA~ FUNCTION "rUN"••AND 
C U5!NG A VARIABL! CUT•OfF METHOD WITH EXT~NOED rtLT~~ TAILS,,,, 
c 
C••BY WeL~ANOE~RON, U,s,GEOLOGIC~L 5URY~y, DENV~R, COLORADO, 
c 
C••PAR~~I!:TERS t 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X ~ 
f'tlN(G)• 

TO La 

L• 

R!AL AROU~E~!C•ALOG(~) A! ~~LL) or TH! rOURIER T~ANsrORM 
~XT~RNAL OECLA~~O R~AL fUN~TION NAM~ (US~R SUPPLIED), 
NOT!:& Ii'' PARMS OTHER THAN G ARE REQUJRE:O, USE CO!IIMON IN 

CALLING PROGR~M A~D I~ SUBPROGRAM fUn, 
T ~ t: REi\ L rUN C.: T Hl N f l! N S ~ 0 U L 0 BE: A M 0 N 0 T 0 N ~ 
DrCP.E~StNG FUNCtiON AS THE ARGUMENT G B~COMES LARGE,,, 

R~AL TOLERANCE EXC~PT~D AT CONVOLVED TAILS••l,E,, 
lr flLT~R*fUN<TOI.~M AX, THEN REST OF TAlL IS TRUNCAT~D, 
THlS tS DONE AT co r ~ ~ N OS Or FILTER, TYPICALLY, 
T 0 L c. : , 0 0 0 1 I S ll S U MJ L Y (J K • .. BUT T H I 3 D 1:: P ~ N D S 0 N 
THE fUNCTION FUN AND PARAM~TER X,,,tN GENERAL, 

A "SMA L LU~ TOL" W J.l,fJ US tJ ATJIJ'f R t: S li L'f IN "MO P.E ACCURACY" 
BUT WITH 11 ~10}{£ WF.IGH15 11 B l~ !NG US~ . D, TOL 15 NOT DIRECTLY 
R E L ~'I' f' D T CJ T R lJ N C A 1' I f) 14 E R P 0 R , BUT <a: N t: RALLY SERVES AS AN 
APPPO~IMATION lNDI:~ TnR,,, fOR V~RY LARGE OR SMALL 8r 
ONE SHOULD liSE A Sk~AL t., E.rt TrJL TH~N RECOMMENDED ABOVE, t 1 

RgSULTING NO, flLf ~ H WTS, USED IN TH~ VARIARLE 
C n NV C1 L U T I 0 "4 ( L () 1:: P t:: N D ~ C1 N T 0 L AN 0 F' ll N ) , 

MIN.T.220 AND l-4AX,L:: 26t>,.• wiHCH COUJJD 
OCCIJR IF' Tot~ IS V~RY ~HI ALL AtlD/OR FUN NOT DECREASING 
VEHY P'AST,,, 

C••THE R!SULTING REAL CONVOt~UTION SUM IS GIVEN IN IU'OUR1 J TKE FOURIER 
C T RAN 5 F 0 R M t S T HE N R f' 0 U ~ 1 /8 W H l C H I S T 0 BE C 0 M PUT e: D A l' '1' E R EX 1 T P'J~ 0 M 
C THts ROUTINE,,,, 
c 
C••USAGE•• "RrOUR1" IS CAI~LF.D AS roLLOWSI 
c · ••• 
C ~XTERNAL RP' 
c ••• 



544 
!545 
546 
541 
54~ 
~49 
550 
~51 
~S2 
15~3 
!:54 
~ . 55 

556 
~;j7 

~58 

55? 
')60 
561 
562 
~63 

~61 
~ 
,....... 5b5 

~j 6 flj 
!567 
568 
569 
~70 
~71 
'.;'/ '}. 

~ 1 :\ 
~7· 
~1~ 
!176 
S77 
57~ 
579 
sao 
!iBl 
582 
~.tn 
~; 8 4 

c 
c 
c 
c 
c 
c 

R•RfOURl(ALOG(B),Rf,TOL,L)/B 

••• 
~NO 
R~AL fUNCTION Rr(G) 
,,,USf.R 3UPPLIEO CODE,,, 
tND 

c 
C••NOT!;St 
C (\), ~XP•UNnr.RrLOWtS MAY OCCUR IN EX!CUT!NG THE 
C STATEMENt FuNCTION C1CII) BELOW1 HOWEV~R, 
C THIS IS OK P~OVIOED THE MACHINE SYSTEM SETS ANY & ALL 
C ~XP•U~D~RfLnWtS TO O,O,,,Q,, 
C {2), SOME NON•ANSl FORT~AN STATEMENTS ARE USED 
C C~,G1 no 20 Is190,1,~1), BUT IT WoULD BE SIMPLE TO CONVERT 
C TH8~E STAT~ ME NTS TO ~NS! FDRT R ~N, tr NECESSARY,,, 
c 
c 
C•"~IN•£:XT VJ0f:D fl!/ TC:R WEIGHT ARRAYS ~ 
C NOT~I ABSCISSP. CORRESPON DING '(0 W~IG!iT IS CEN~:RATED 
C TO SAV E S! OH~. GE CSEE STivrEM ENT fU ~~C·L'JON CtCll) BEIJOW)• 

OIME~SlnN WT(266),W1(7b),W2(76),W3(76) 1 W4(38) 
f Oll lVALENC:I£ CWT(1),W1(1)),(WTc77),W2(1)) 1 (WT(l5l),WJ(I)) 1 

1 CWT(2~9) 1 W4(1)) 
DATA W11 

le1,111J940E•09,•1,J237246E•12, 
2 1,7~366lbEul2,•1 1 H227727~~1~, 
l 2,147J~4tE•1?,~2,2675~49Ewll, 
4 l.67tH110~•12,•2,~2~7693 E •12, 
5 l.3297Sn5 E •12,•1,5179095Ea1 ~ , 
6 4,146479~E•12 1 •1,379455~ E~12 1 
1 S,t~~~~ 0 9f.•12,•5,~17446lE•1~, 
8 b,417~0~3 ~~ 12,•6,77~3691g•l2, 
9 7,YH64477~•12,•8,43441tOE~12, 
t 9,9349439€•12,~l,0493731E~tt, 
2 1,2l70354E•11,•1,3067414E•11, 
l 1,5390685~•11,•1,6249313~·~1. 
4 1,9131898~•11,•2,02097~5~·11, 
5 2,)~40976~·11,•2,519216)~·11, 
6 ~.970912 9E •1t 1 •~ 1 11~2&70E•tl, 
7 l,69S1050E•lt,•3!Y058 5~lE •ll 1 
8 4,60105l7E•lt,•4,85903~6£•li, 

1,509t7l9E•12,•1 1 G240954E•1Z, 
1~92~,992g•12,•2.0335~14Ea1~, 
2,3946842E•12 1 •2,5l92661g•12 1 
2a982517sE~12,•l,1S1400bE•12 1 
3 1 7163306g•12,•l,9256376E•12, 
4,b~S2131~•12 1 •4,8845227t•12 1 
s.75)0~77E~12,•6,0760464E•il, 

7,159 52 J9~v12,•7 1 561878~E•12, 
B ,90 ?1422E •1l,•9,40b770 5~ ·l~, 
1,10B4900E•11,•l 1 17099l7t•1l, 
1.J80?.200E•l1 1 •1,4515980E•11, 
t.i155934~·11,•1,8115~50~·11. 
2,1 35 2159E•11,•2,25617)5~•11, 
~.6618l19~•11 1 •2,8122547E•ll, 
3,3l49010~•11 1 •3,5013168E•11, 
4.1~5t 6 94g~11,•4,)566777~·11, 
~.11147&1~•11,-~.419})~3[•11, 



585 
586 
H97 
!)88 
589 
~J 9 0 
r, 9 t 
~92 
593 
~j 94 
~Q5 

!1.96 
~. 97 
~j g 8 

!"·99 
f.OO 
t'.01 
602 
h01 
F,04 
li05 
~·06 
607 
608 
f,09 
610 
611 
t112 
~13 
~14 
~; 1 ~ 
fl 16 
ti 17 
619 
61Q 
fl~O 

621 
~d2 
fl2 J 
624 
~25 

9 5,72l67ZO!•tt,•6,04559ll!•t1, 6,l86t2Z2t•1t,•6 1 746t492E•tl, 
1 7.t265224E•11,•7,5219715!•11, 7,9512249E~t1 1 •8 1 )971l27t•111 

DATA W2/ 
1 8,866896tE~1t 1 •9.~621900t•11, 9,8S5176~E•11,•1,0438l19t•10 1 
2 1.to24087E~1~,•1.1644680E•10, 1,230t979e•t0,•1 1 2997646E•l0, 
l 1.3733244E•10 1 •1,4510363E•10, 1,5 ) 30772~•10 1 •1 1 b196550E•10 1 
4 1.7110130E•l0 1 •1 1 ij074257E•10 1 1,9 09 19~1E•10 1 •2 1 0166l06E•10 1 
5 2,1J00756E•10,•2.249875~E•10 1 2,l7~39l6E•10,•2.5100098E•10, 
6 2,6511250~•10 1 •2,8001616E•10, 2.957~691~•10 1 •3.1238237E~10, 
1 J.2994l14E•10,•l 1 484Y209E 4 10, 3,6 80952 9E•10,•3,8878042E•10 1 
8 4.to6J9~1~·to,•4,3l72666g~to, 4,58tt0~9E•t0,•4,8laoo49E·lO, 
9 ~.tt05729~•10,•5,3977612~ft1 0 , 5,7011612E~10,•b,0215~16E•10, 
1 ~,lb0127JE~lo,~6,717S961 E •l~, l,0~5 S 02~~·10,•7,494260tE•10, 
2 7.916to2s~~1o,~a,J6o&98 uf ~1o, a,~ J 17110E•t0,•9,l27olJOE-to, 
l 9.RS3J74g£nl0 1 •l,040~50~E·09, 1,09~ J7 l1~•09 1 •1 1 1605442g~o9, 
4 1,2267391E• 0 9,~1,2942905E•O?, 1 1 $6 9 ln77EN09 1 •1 1 442~912E•09 1 
5 1.52891~4E•OQ,~1,6077524E•09, 1,70 95998 i•09,~1,7ijY0471£•09, 
6 1.Qt29068E•Oq,.1,9Q57116~•09, 2,i491b09E•09,•2,1926779E•09, 
1 1,4312660£•0Q,•2,)959 0 44E w09 , ~,1U7JSOOE•09,•l,~610S96Ea09, 
8 l,27b~JteE• 09 ,•~,6082940E •01 , 4,02 ~ 1 4 53E•09,•2,35&05GlE•09 1 
9 ~,117ti554~•0Q,•l,J9601b1E•09, 7,770d747E•09 1 1,1853546E•09 1 
\ 1,2760R5t~•08, 7,4264707E~09, 2,33~2187£•08, 2,t86985!E•08/ 

DATA WJ/ 
1 4,&306744E•Oa, ~.4631686E~oa, 9~67 6 3 08 7~·oa, 1,282Jll7E•07, 
2 2,0832812~~07, 2,92 AOS 40 E ~07, 4 , 5~00R9 B~~o7, b,59Y24l7~-07 1 
3 1,005t815E•06, l,~7791&lE Q O ~ , 2,22943358•06, 3,2994&04~•0b 1 
4 4a91~ ~9 23 E •O~, 7,3545473~·0~, 1,1 00 1003~•05, 1,6180539!•05, 
5 2.4469~50f.•O~, 3,646924 6E •05, S,444t527E•05, 8,t176726E•05 1 
6 1,211392RE•04, 1 1 80664~4£•04 1 2,59 54 60~£•04 1 4 1 020~28&g•04, 
7 5,9969~~5~•04, 8,94)731~~·04, 1,3 3 3SlboE~03, l 1 9~86697E~03 1 
8 2,~643941E•01, 4 1 416892lE•03, 6•5'7J51QE•03, 9,7955105E•03, 
9 1,45393o\E•02, 2,1558670E•02, 3,t81t954!•02, 4,6903StBE•02, 
1 6,B5S9512E•01, 9,9170152E•02, !,4~10770E•Ol, 1 1 9610835£"01 1 
2 2.h19~601£•0t, l,l74134l~b01, 3,640740bE•Ol, 3,1257559E•01, 
3 9,0460169~•02 1 •3,6051 0 39E•01,•8,~) 24 760E•01 1 •&,1179120E•01, 
4 5,220~241E• 0 t, 1,5~49 8 1lE ~00 ,-1 0 1 Ht7 9llE+00,•2,61 5 9ij96i•OI, 
5 B, OB6 9l Ol E• 0 1,•6,2757149E•01, 3,4 06 26l0~•01,•l,588Sl04E•01 1 
6 7,0472J Y 4 E ~02 1 •l,\6244b~E·02, l, 49q 406~£• 0 2,•1,482111bE•03, 
7 4,003S936 E •01,•2.254J7~ 4E~OJ , l,J1603~8~wOJ,•7 1 &6l6b04E•04, 
8 4,7658745~• 0 4 1 •2,91258t7E• ~4 , 1,7RS~105E•04,•1;10l2416t•04, 
9 6,79l0334 F. •OS,~4,1914 0 54~w05, 2,5881544t•05 1 •1e59858Sll•05, 



626 
62'7 
62A 
f;29 
~30 

631 
f;32 
fl:n 
~· ~ 4 
f, 3 5 
~3(, 
~)7 
IdE 
G.39 
"40 
641 
fl 4?. 
fl43 
1144 
~ 45 
h4f\ 

~ (,4 7 
(.;.) fit\~ 

649 
6!1>0 
!) 51 
6 52 
tiS 3 
\~ !1 4 
655 
\~) ~ 6 
6 57 
658 
~ 59 
~ €-0 

f;bt 
f.. f>2 
66) 
<')64 
(,t)5 

ll)t>n 

l 9~8751880E•06,•6,t008526!•06, 3,769254!t•0~,•2 1 l287953!•06/ 
DATA W4/ 

1 1,~398425E•O~f·8,8899353!•07, 5,492699t~•07 1 •3 1 39370t8!•07 1 
2 2,0968284E•07,•1 1 29554)7t•07, 8 1 0U46336E•08 1 •4 1 94.57371t•08, 
l l,055i71tE•08 1 •1,8880390t•08, 1 1 lbbS454E•09,•7 1 207ti428t•09 1 
• 4.4533423E•09 1 •2,7515696~•09, 1,700!092E•09,•l,0504494t•09 1 
5 b,4904~67E~lu 1 •4,010~~9~E~to, 2,4778763E•10 1 •1,5l10l21~-10 1 
6 9,4600354E•1t 1 •5,~4S3l14~•l1, l 1 6119400E•ll 1 •2 1 2320056E•l1 1 

7 1,37~J460F.•1t 1 •~.~2426Sb~·l~, 5,2~7~102E•t2,•3 1 2543076~·12, 
8 2,0097h89~•1,,•1,24U5~1~E~1 2 1 7,6 5 lO~l8E•ll,~4,71919~9E•13, 
9 2,9084993E•13,•1,7923oo1E•t), 1,l01&948E~ll,•b 1 7885904l•14, 
1 .,2025050E714,~2,1314131E•1~/ 

C••ssnunt~ 
c 
c 
C••~TAT~ ~~NT FUNCTlnH•~ lNCT , UD~S ABSCISSA ~ENERATIONI 

\. t ( ll ) = f u II ( F: X p ( .. X. f' II() AT (l I ) * ' 2 0 lit 3 & • J 0 4 55 7 0 4 ) ) * w T ( I 1 , 
JH'OtlR 1 •O, 0 
c r~ A.x.:o,o 

tl: t 8 
DO 10 tx191,208 
c~cHo 
f{fQUR1=RFOUR1+C 
CMAX~AMAX1(ABS(C),C~AX) 

l 0 C 0 N T I N tH.: 
1FCCM~X.E0,0 1 0) GO TO 60 
C~AX;;.TQr,•CMAX 

DO 20 r~t90,1,•1 

c=r.tet> 
R f t HI R 1 ~ R f () U R 1 + C 
t1::: L+ 1 
ff(A~S(C),LE.CMAX' GO TO 30 

2t) C()N1' lNUJ7; 
JO DO 40 1•209,266 

c~c1CI> 
R p· 0 1 J R 1 : R .P' 0 U P 1 • C 
L=L+1 
Ir(ABS(C),L~,CMAX) GO TO 50 

40 c nin 1 t:tJI!: 
50 R'!:TIJR N 
60 no 10 121,190 



.P
.P-

~61 
669 
669 

"'0 
b71 
672 
f-7) 
674 
fi7~ 
f, '/6 
fl77 
A78 
619 

10 
80 

90 

C•C 1 Ct' 
Rfi'OURl•RP"OUJitl+C 
L•L+1 
tr(C,EQ,O,O) GO TO 80 
CO!~TI NUr. 
~n 9o !='-66,209,•1 
C::Cl(I) 
RFOtiHtcRfOURl+C: 
L=L•t 
IrCC,EQ,O,O) GO ro 50 
COJJTlNUE 
en To so 
~~ ND 



761 4 \,2577400E•08, 1 1 7666303E•08, 1.914)895! .. 08, 2,59Sl011!•08, 
162 5 2~99fiiJ95)E•O~, l,926FJa51E .. oa, 4,1'71268~~·09, 5,6S90075!•08 1 
i63 6 6,57401lf;E•08, 8,J864 .~A8E•18 1 9,e66232Je .. oe, 1,2448811E•07, 
764 7 1,4'784461F>•07, 1,R50t974E,..07, 2,21291'i8P:•07, 2,7524203e:•07, 
7ft5 8 3 , 3 0 9 4 7 3 9 E .. 0 ., , 4,0974SZ8E .. 07, 4,94f>I.B68E~o7, 6,1030~09P:•07, 
7()6 9 7,3991802E•07, 9,0939667r. .. o7, 1 8 1034721F:•06, 1,3554600f::•Ob, 
767 1 1,64745S6E .. o~, :l,020769~E·Ob 1 ~ 1 4'S91294f.e06, l,0131400E•06/ 
"/6S DATA Y'J./ 
'I r, Q 1 3.6701680F.: .. Oti, 4,~q.JU01e~·06, 5,<1770076!:"06, 6,701~20!:!!!: .. 06, 
77() 2 8,172t>ctH9E'"OfJ, 9,995420n; .. or,, 1, ?.1 'fl: 425E•05, 1,49U910H>·05, 
.,,1 l l,Ut94!88E>•05, 2,2239184f.·0 5 , ~.714~!>ti~E•l)5 1 3,317408l:IE:•05, 
771. 4 4,049q4S?.F:•05, 4,94~6730~·05, 6,04 1'. 14-10E•Or;, 7 ,384!20oH.: ... os, 
77"\ 5 ~.01419 0 "21:.•05, 1,101?. '.)S,E.o4, 1, :H4H017E .. 04, 1,6428J17E .. o4, 
'77 4 6 ~.o o &2!J70F.•04, 2~45o7oaur: .. o4, 2,9 ? J().ibbf.•04, ~ 1 6560582E .. 04, 
7/5 7 4c465142ii!.•04, 5 1 4:S41300E·O~, 6 1 6 :; ! ~ i) 4 B ::; • 0 4 , 8,1l65191f..,04, 
., '16 a 9 • 9 1 1 4 1 R ;, t: .. o 4 , t,21313t2oF. .. oJ, 1 • 4 fl /. 4 ') 4 5 r: "' o 1 , t,eto7o!S"I~-o3, 
777 9 2,21~5QJ8E·O~, '2 • ·7 0 1 2 6 ., ~H: .. 0 3 , l,299t<Jb9E•Ol, •.o:l9!>&t7E·03, 
778 1 4 • 9 2 1 4 2 4 H: • 0 3 , 6,0106700~-0J, 7 8 3~05 ~129F.;•Ol, 9 1 964l7QUf.•Ol, 
779 2 1,o?46HOE•02, t,J36~01H~ -o2, 1,6Jt49d5E:•01, 1,9910907E•02, 
'780 3 4 11 418'J}:l'H:•02, 2,96t289o£ .. oi, l,607o4ou.: .. o:z, 4,38769)1-)E·O~, 
7A1 4 5, J264P;21Jf. .,.<.'1., 6.44b!S091E·C~, 7,76&4t44E•02, 9,29!8J2 ·H:ow02 1 

~ 792 5 1 • t 0 0 0 1 2 1 ~: ... 0 ! , 1 • 2 9 1 11 () 2 ~= -0 1 , 1,4::>4~025E:•01, 1,~8322411E•01, ""' 783 6 1 , ti 0 4 9 2 2 4 E ·• o 1 , 1 1 4170064E•OJ, H,S7 R ntoe~-o2,•1,13309j4E•02, 
7fl4 7•1,5131R64g•Ut 1 •2,9094670E•Ol,tl~.l0 ~ 4~55E•01,•2e9708834E•O~, 
7~5 9 l,Q00960tt:•01, 1 , 7 9 9 9 7 8 5 g • 0 1 , ... 4 • l B 5 ll 1 3 9 ~ .., 0 1 , 1,5J1721&~: .. ot, 
786 9 6.518495Jf.•0? 1 •l 1 075l~ObE~Ol, 7,842 9 ~67!•02,•4,60191~4~·02, 
787 1 ~.~l0~S71E~02,~1,3904B2) E •02, 7,~1~/1~0E~OJ,•~,51~0~69E•OJ/ 
76$f I) A J ~ Y .l/ 
789 \ 2,6729062g·o~,•1,6073718E•O), 9,7715b22~•04,•5,9U04407E•04, 
790 2 3 , 6 7 4 9 J 2 or: .. o 4 , - 2 • ; b 1 ' .2 9 6 e:-- o 4 _ l,lq 6oau ~~·04,•9,6t12bta~ .. o5, 
7 9 '· 1 5,l212947E•05,~J & 2867H86E~Os, 2, 0 304203£•0~,•1,254l926E"05, 
792 4 7,749963JE•06,~4,7R82430E~oo, 2,95 9 4108E•06,•1,827864~E"06, 
'i 9 3 5 !,t293571~·06,•b.9778174~·07, 4,31t3 0 19£•07,•l,6ril77~JE~07, 
794 6 \ 1 645B17Jl•07 1 •1,0ioA9~4E•01, 6,2b29~07E~os,.J,881Y~~9F.;~os, 
795 7 1,l9k5172S•OA,•1,4~!9520E~os, 9,t5 63l74E•09 1 •5,6S73541E•09, 
., 9 r, 8 1,4954S14E~09,•2 1 1591005E•C9, :,J3439468•C9,•8,244714ijE•10 1 
'T 9 7 9 ~.oq410J3E•to,•l.t474631E~to, 1,9417072~~10 1 •1,20156A5EM10, 
'798 1 7,42~10SSE•11 1 •4 1 S87t468~•11, 2,BJ430Y5~•11,•1e751lll7E-tl, 
'!99 2 6.Q 0 49611E•l2/ 
1100 C••tsrNLJ .t.TA 
AOl c 



~ 
(X) 

90~ 
!:fOl 
fl.Q4 
{)05 
f-'06 
907 
F\08 
S09 
~10 

f1 11 
H12 
e tl 
~1~ 
~1~ 
fllf; 
•l 17 
IH8 
ftJ q 
!i 20 
8 :l1 
1322 
A2l 
A24 
fl25 
H46 
A21 
A29 
H29 
eJu 
8)1 
~32 

FJ 3 l 
€134 
rn~ 

6)6 
BJ7 
938 
~)9 

040 
941 
842 
94) 
844 

COMPLEX rUN,C,CO,CM~X 
DIMENSION Tt2),THAX(2) 
EQUIVALENCE (C,T(1)),(CMAX,TMAX(1)) 

C••ST~T~MENT YVNCTlnNS~• INCLUDES ABSCl5SA G~N~RATIONI 
C0(II>=rVNC~XPC•X+fLOAT(ll)*•~0~26,J04~S704))*YT(~I) 
:O.HAN!<.O= ( 0, 0, 0, 0) 
CMAX=CO,O,O.O) 
L::18 
co 110 r~t29,14b 
C=CO(!) 
Z~~NKO=ZHANt<O+C 
T~AX(t);AHAY.l(ARSCTCl)),~MAX(!)) 
tMlXC2):AM~X1(A6S(T(2)),TMAX(2)) 

l t 0 C 0 N 'l' 1 tW E 
JF(T M AXC1),~U,O.O,AND,TMAXC2),~Q.Oft0) 00 TO 1,0 
CMAX='t' fJL •CMAX 
DO 120 f::128,1,•1 
C=CO(!) 
ZHAt~KO=ZH~ t.KO+C 

L=f.,+ 1 
IfCA~SCtC1)),l, E,TMAX(1) 1 AHU,AP.SCTC2)),~£,TMAX(2)) GO TO 130 

120 CO NTIN UE 
1)0 DO 140 1=147,193 

C=CO(I) 
ZH..\NKO=ZHANKO+C 
lo=' t • + 1 
IF(A HS (T(1)),L~,THAX(1),AND.ABSCTC2)),L!,TMAX(2)) 00 TO 190 

140 CONTINUE 
c;n T O 190 

150 on 160 t=1,t28 
C:sCO(t) 
ZHANKO=ZHltNKO+C 
L -:[,+ 1 
IFCT(1),EQ,O,O,AND.T(2),EQ 1 0,0) GO TO 110 

160 Cl'JNTINUF; 
170 DO 180 1=19),147,•1 

c:sCO(l) 
ZHANKO:szHANKO+C 
J,:; r., + 1 
lFC~(1),EQ,o,O,ANO,T(2),EO.O,O) GO TO 190 

180 CONTINUt; 
190 ~!TURN 

E~O 



~4S 
946 
847 
&48 
849 
RSO 
R~t 

RS2 
1-153 
J:l54 
~1 51) 

~ 56 

~ ~' 
B58 
859 
060 
r>ot 
Bb2 
~f)l 

R64 
865 

~ R() 6 
1.0 

1!~7 
~ 68 

A69 
8 '1 0 
~71 
~71 
~·n 

G74 
137~ 
1!'76 
R77 
~7ij 

f]'19 
BHO 
1=181 
B82 
883 
::HH 

COMPL!X rUNCTlON ZHAN~S(X,rUN,TOL,L) 
C••INTEGRAlj FROM 0 TO INfiNITY OF "FUN(G)*J1CG*8)-!tDG" D!FIM!D AS TH£ 
C COMPLrx HANKF.~ TPANSrORM or ORDER 1 A~D ARGUMENT XC•ALOGCB)) 
C SY CONVOLUTION FILTERING WITH COMPLEX fUNCTION "FUN"·~AND 
C USING A VAPl~. BLE CIJT•OF'P' M~THOO wiTH EX'fEtlOI!:O FILTER TAILStttt 
c 
C••BY W,t, ,AHDERSON, U,S,G~OLOGICAL SURVEY, OENV~R, COLORADO, 
c 
C••PARA~f:TERSI 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X a REAL ARGUM~NTC=ALOG(R) AT C~LL) OF THE HANKEL TRANSYORM 
t'IJN(G)a ~XTF:~NA£, DECLAFH~:D COIWLI!:X ftJtiCTION NAME (USER SUPPl,IED) 

Of A R~AL AR~UM~~1 0, 

TOL• 

L• 

N01EI If PARMS OTk~R THAN G ARE REOUIREO, USE COMMON IN 
CALLING PRDGHAM AND IN 5UDPROGRAM rUNe 
T~e: COHPLF:X FliNCTIO~ P'U~ SHOULD BE A MONOTONE 
DF.:CREASING rUNCTlflN A5 THi: ARGU"'ENT G BE:C:OMES LARGE:ttt 

r oR R ~::A r, ·oNLY f' tJ N c r ~ u t.~ ~ , s u ~PRo G HAM " R HANK 1 " 1 s A o v 1 s Eo , 
H 0 W F: V r. R , T W 0 R E ~ L • ~ I F l r. 'ri !1 N S f 1 ( G ) , f 2 ( G ) P1 A Y BE 
INTf.GRAT~O IN PAR .&.J .r,EL !3Y WRITING P"Ul~~C~1PLX(Fl(G),F2(G)) 

R~A [, 1'0 ljER ~NCE E XC f~ PT E: D AT CONvnr., Vf<.:O TAl LS·~ I, E, 1 
Ir ftJ,TF.R*fllti<L'UL•HA.X, TtJ&:N R~ST Of TAIL IS TRUNCAtED, 
'I' IH S I S 0 0 N ~; J. T b r l l ' ii EN n S 0 f' P' !t, T E R , T Y P I C ALL 't , 
TaL <= ,0001 IS USUhLLY OK•~aur THIS DEPE~DS ON 
T H P: F' lit J C 'ri 0 :-l ni N A '4D P P. R A t~ 1:: T E R X tt , l N G E ~4 ~ R A lJt 

A " 5 t>l.\ L L f. R. T fJ L " w I L J, l J S !J :\ !. L Y R ~~ S ll T ... T I N " M 0 H. E A C C U HAC Y" 
BlJT wiTH "I'A OHF.' i'iSi' C· HTS" i.H·. I~G 113t:0, TOL I& NOT OIRECTIJ'( 
R EJ., A Tt:D TO TRtlt1C .\ T i 0 !11 1!. R HOH, BUT Ge:N E:~ALL 't SER V~8 AS AN 
APPFH1Xl'1ATlnN lNt>ICA iO~,, • P'OR VERY LARGE OR SMALL 8 1 
0 N E S H n II Lr> US E: A .5 ,._, .~ L ~ P~ R T 0 L T H 1\ N R E: C rJ M ~~ t: N DE D A B 0 V E , , , 

RF' S ll L'!' I tiG Nf) Q P' It.TU1 WT .S 1 ll .~r,D IN THE VA iUA er~E 
CnNV ll LUTI £ 1 1~ (L O~ l?t::rJJf, ()1~ TOfJ ~ND f'UN), 

f!1 I N ·• L z 1 5 A N 0 M A X , L x:· 2 ~ 6 • ' I'l l !I C H C 0 tJ L D 
OCCliR lf'' TOL IS \'t::;H'r' S l·'t.~t . L AND/OR f'tJN N01' D~CREASING 
VF.R't' fAST, tt 

C••TH! R~SL'LTING COMPf.EX CO~VOLliT!C l N Sl it \ TS G!Vf~ N IN ZHAN~t' THE HANK!L 
C TRANSFORM 15 THEN ZHhNKl/n WH!CH I~ TO hE COMPUTt:D Af'TI!:R t:XlT f'ROM 
C THI~ ROUTIN~•••• 
c 



lJl 
0 

88§ 
~86 
P81 
&88 
R89 
090 
1?91 
992 
ll 9~ 

894 
!)9~ 

8 96 
897 
1i19A 
899 
'100 
oot 
902 
90] 
904 
905 
906 
'107 
908 
909 
910 
911 
912 
913 
~14 
91!.> 
91S 
911 
91A 
919 
920 
9 21 
922 
923 
92. 
Sl2~ 

C~•USAGE•• "ZH~NK1" IS CALLtD l8 rOLLOWSt 
c • · •• 
C CO~PL~X Z,ZHANKt,zr 
C EXTERNAL zr 
c 
c 
c 
c 
c 
c 
c 
c 

' .. 
t~ZHANKl(ALoGCB),Z~,TOL,L)/R 

••• 
~ND 

cn~PL~X fUUtTlON ZfCG) 
,,,USER SUPP~!tO CODE,,~ 
~NO 

c .. •NOTESi 
C (1), ~XP•UNOERFLOW'S MAY OCCUR IN EXECUTING THE 
C ST'ATEHENt f'tJNC ·riON Ct(lt) BELOWJ HoWEVER, 
C !HIS JS OK PRnVIDED TH~ Mt.CHINg ~YSTEM aETS ANY ' ALL 
C EXP•UNOF.RrLoWIS TO 0,0,,,,,~ 

C (2), SoM£ NON•ANSI fORTRAN STATE~ENTS ARE USED 
C tE,GI no 20 1~"5,1,~1), BUT IT WOULD BE SIMPLE TO CONVERT 
C THESE STAT ~ME.:~ i B TO ANSI FrJRT RAN, If NECESSARY 1 tt 

c 
c 
c 
C••Jt•EXT~NDEO riLTrR WEIGHT ARRAYSa 
C NOTISI ABSCISSA CORR~SPONOJNG '1'0 We:IGH't' IS GENERATED 
C TO sAVE STIJFtAGF.: tSl::E STA1';;MENT ftiN CTtON Cl(II) BELOW), 

OtME~3lON WTC236),~1(76),W2(16),W3(76) 1 W4(8) 
f : o u IvA L E:,.... c ~ c w r c 1 , , w 1 c 1 , ' , on en > , w 2 c 1 , , , < w r c t 51) , w J c 1 ) ) , 

1 ( WT(229),W4(1)) 
DATA W1/ 

l•fi,At16l90'SE•10 1 
2·1~322l909E•09, 
] .. 1,4427475£•09, 
4•1,473Sb06F.•09, 
5·1,5102fll9F:•09, 
6·2,041275Jr.•09, 
7.4,o940,72E~o9, 

Q.9,7514701E•09 1 
9oo2 1 412b297F:•08, 
1•6,0051116E•OB, 
2·1.4918997E•07 1 

1,1~938l1E•v9.~1,2050872E•09, 
1,3642393!-~9,•1,1969439~~09, 
t,45avS92E• 0 9,•1,4h~2563E•09, 
1,471YB70i•09,Q1,4727091E•09, 
1,5~677jtE•09,~1,663 4 521E•09, 
2,3595230E· 09 ,•2,7861077~•09, 
5,05710l~E·09,~6.2b04109E•09, 
1,22676)9E•OH,~t.5312lB9~•08 1 
3,057682~E·09,•3,BOb0204g•o9, 
7,6797475E•Oe,o9,4 700~ 93E•08, 
1,93927l7E• u 7,•2,3~64786E•07 1 

l,26962J2E•09, 
1 1 4225941E•09, 
1,47l2179F.:•09, 
1,4H2S225E~~t09, 

1,8172900E•O~, 
3,359297te: .. o9, 
7,82o9~61E•09, 
1,9Jl9924E•08, 
4,B42373:?.E,..08, 
1.21112844E•07 1 
3,0911127E•07, 



926 
?:Z7 
928 
929 
?30 
931 
~32 
()) l 
934 
c.J35 
9)6 
937 
~138 
CJ39 
~ 1 40 

()4{ 

I) o\ 2 
Q43 
944 
945 
r}46 

Vl <;f 4? 
1--' fl4R 

ll 49 
950 
951 
Q52 
')5} 

9 54 
955 
9:,6 
957 
<)5~ 

959 
960 
')61 
962 
ll63 
964 
~65 

966 

) .. 3,6815394E•0'7 1 

... 8,9502318€•07, 
5.2,106~399~•06 1 
6•4,6059955E•06, 
7.8,,010619!:•06, 
e.l,99t5o35E•o6, 
9 7,2~23760E•05, 
l 5,862l~HOC:•04 1 
OAT~ WI./ 

4,94t3800E•07,"~•7554169~•07, 
1,2794292t•06,•1,3811469!•06, 
l,410319He.o6,•l,158446Jt•06, 
9,5561672E•u6,•6,4142B5SE•06, 
2,8945217ENOS,•~,b34ij466E~06, 
Q,72736l2E~o5, 1.522,52o~.os, 
l 1 b620099E~04, 2,~ G ~29SBE•04 1 
1,5226779[·03, 1,4538718~~03, 

7,9301539!:•01, 
2,0789658E•06, 
!:S.6639045E•06 1 
1,64402052:•05, 
5,2317398!:•05, 
1.8614373£:•04, 
7,3874339E•04 1 
3,1930365E•Ol/ 

1 l,4640069E•03, 6,7790S82t•03, 8,032R420~•0l, 1,44843l9E•02, 
2 1,8201116E•02, 3,08ti6143EQ02, 4,0106~49E~02 1 6,4~27872E•O~, 
J 8.4205526~•01, 1,2771175E~01, l,~U2 Q 907S~ot, ~.194H043[•01, 
4 2,1 6 l63U5E•Ot, 2,4895051E•01, 1,2 5M h300i~01,•5,10b0445E•02, 
5~l,4J76222E•Ot 1 •2,9042175E·Ol, 1,1~h17J6g•01, 4,Y2532J1E•01, 
6.4,F,748S95f.•01 1 1,5281J~45E•01, l,'334 8541E .. c2,•8,248~'J.5l.f.•02, 
7 7,~74n~30E•02,•6,693~498~~o2, ~.~1~046SE~02,•4,5B6872tr.•02, 
8 3,~65195S~•02,•l,29358l4E•O;~ 2 1 830J~94E"02,•~,4475ll1~~02, 
9 2,t2S~541f•02,•1.~~2fi27~E~n~, 1,61 A ~Ol7~•02,•1 1 4158101~·02, 
1 1,240222SE•02,•l 1 0873S2~E"02, 9,53 Q7016£•01,•B,372J743E•03, 
2 7~J~064~0~•0) 1 •6,4~511l f E ~ Ol, 5,6 ( 9 6 ~35E•Ol,•4,9803353f-03 1 
l 4.375221JE•OJ,~l.~43~103~~0J, 1,377 20 23E~Ol,•2,9672872E•03 1 
'2,6071877E~0) 1 •2,290B274~·0l, 2,012~7~4~•03,•1,7bHb70o~•Ol, 
~ l,S54099B~•Ol,•l,J~55bb6Eq03, l,l9~~089E•Ol,•le0543497E•03, 
6 9 1 2644;7~E·0~ 1 •8,1406693t·O~, 7,15J1 5 59E~04,•6,20~4459E•04, 
7 5.5229Q55~•04,•4,8530352E~04, 4,~ b 41446£•04,•3,7470650E•04, 
8 3,2925334E•04 1 N~ 1 A93t3H2~n04 1 2,54 2 1410~•04 1 •2c233B\41~~04, 
9 1,962B45~E•04r•1,71174,5E~04, 1,5155270E•04,•1e3l16~89E"04, 
1 1,1701502~•04,~1,0282066g•04, 9,0J4R135L•05,•7,93HB568E•OS/ 

[l'TA W3/ 
1 6.97584l6t:•Os, .. 6,1296474E · .. os, 
2 4.t5A6435~•0~ 1 •J,6S418~0~·0S, 
l 2,4791718E•05,~2.t784390E"O~, 
4 t,4779S78E•05v•1,2q&b16 ~ ~-o s , 
5 8,B108~99E•06 1 •7,14206)0E•Ob, 
6 5,252~992[•06,•4 1 b1S432~~e06, 
1 l.t31l3l~f.•06,•2,7514911E•0 6 , 
B l.S6b7342~·0~,•1,&4028~9£ 4 06 1 
~ 1,ll2~220E·0~,•9,778J90egw07, 
l 6.63l5C60 t: ~07,~5,S28b113E-07, 
2 l,q5J7~34~•07,•3 1 413~689E•07, 
l 2,3~n1Sjt~•07 1 •2,0701397E~07, 

5,l G60 970E•05,•~,73274JoE•05, 
l,2109174E•05,•2,821420R~•05, 
1,9J4186~E• 0 5, .. 1,6~1998&E"05, 
1,14tj4~bE•OS,•tl00271AZE•05, 
b,S 0 2~2J5~·o&,•5,977705Jl•Ob, 
4,0~~~6Sj~~06,•3,5636118E•06, 
2e4l77l3~€~06,•2 1 1244417Ew06, 
l,44130~1E•06 1 •1,26b4~97E•Ob 1 
H,5 9 1 90 2~E•07 1 •7 1 54949lOE•07 1 
5,lit3358E•07,•4,499B4lt~~o7, 
3 1 05~2189E•07,•2 1 6817230E•07, 
1 1 81 ~ 8012E~v7,•1 1 597954SE•07, 



967 
968 
969 
970 
971 
Q72 
971 
914 
97!; 
976 
471 
97S 
9 79 
? flO 
9Rl 
902 
< ~ R 3 
qg4 
985 
9 0 6 
qg7 

lJl 98R 
N 989 

990 
091 
992 
99) 
994 
995 
9?fi 
991 
') 98 
999 

1000 
1001 
t002 
1001 
1004 
100'S 
1 n06 
1007 

4 l.40)8968E•07,•1,2lll746!•07, 1,0835294t•07,•9,5185048t•08, 
5 8,3613194E•08 1 •7~344l411!•08, 6,450511B~•09,•5,6648167E•09, 
6 4,974042RE•OR,•4,366~572E·O~, l, 8 321109E•08,•l,3616717E•08 1 
7 2.9472A36f.e08 1 •~ 1 5B19439E•08, 2,2594957 ~ •08,•1,97453S3E•08 1 
8 l,7223l~9f.•08 1 •1,~987e69E•O B , 1,3003472E~08,•1,1240058E•08, 
9 9 1 612l139E•09 1 •8,2794~92t•09, 7,0438407E• 0 9,•5,9509676E•09 1 
l 4,9A~2405l•09,•4,1443813~e09, 3,4 0 ~8114E•09,•2,77S2762E•09/ 

OATA W41 
t 2.221731tr.•09,•1,7504755E•09, 1.31 85 207~•09,•1,00H0937E•09 1 
2 7,2l009ijSE•10,•4,88606b6~·10, 3a012t41JE•t0,•9,t64979eE•11/ 

C••tSENOATA 
c 

C 0 M P L E X f' U ~~ , C , C t , t M A X 
() T. M ~~ N 5 I 0 N 1' C 2 ) , T ~Ill )( ( 2 ) 
F. Q 1J 1 VAt. EN C f. ( C , T ( t ) ) , C C MAX , T t'\ A'( ( 1 ) ) 

C••5TATE ~ ENT fUNCll ON•• INCLUDES ~BSClSSA GEN[RATIONI 
C1(1I) : fUN(EXP(•X+FLOAT(Il)*~10•17,0))•WTCll) 
7.HANI<1=(0,0,0,0) 
CMAX=(O,O,O.O) 
L=ll 
no 10 I=86,98 
csC1(1) 
ZHAHY.tzzH~NKl+C 
T M AX(t)~AMAXl(ABSCT(l)),TMk~(l)) 
T~AX(2):AMAX1CA85tTC2)),TMAX(2)) 

10 CI1N'flNU~~ 
JF(TMAXC1),~Q,O,O,A~O,TMAXC2),gO,O,O) GO fO 60 
C M .4 X 2 T () L • C ~~ A X 
[)0 20 !=85,t,•l 
C :C 1 ( I ) 
'l ~ A N K 1 ; 'l H A ~I K 1 + C 
t .= [, + 1 
JF(~~S(T(l)),l.E,TMAX(l),AN~,ABSCTC2))~LE,TMAXC2)) Go TO 30 

20 CONTl N U ~ 
30 DO 40 Ia99,23b 

C r::C 1 ( t) 
~HANKt~ZHANK1+C 

L=L+l 
lF(ARsCTCl)),Lt~TMAXC1),AND,ASSCTC2))~L!,TMAX(2)) GO TO 50 

40 CO N TI I-Jlt~ 
50 RETURN 



1..11 
w 

1009 
1009 
1010 
10 1t 
10 12 
10 13 
1014 
10 15 
1016 
10 17 
l O t ~ 
I f.• t 9 
1 1) 20 
t n~l 

60 

'70 
80 

90 

DO 70 11111,8~ 
C •C 1 Ct) 
ZHANK1•ZHANKl+C 
LRL+1 
IFCTCt),EQ,o,O,AND,TC2),EQ,O,O) GO TO 80 
CO~TlNLIP.: 
DO 90 1~216,99,•1 
C=Cl ('[) 
lHANKtazHANKl+C 
t ~ L +l 

Ir(T(t).EQ,O,O,AND,T(~),EQ,O,O) GO TO 50 
CO tJ'f!NU€ 
c; n TO 50 
lNO 



1022 
102) 
1024 
1025 
1021'1 
10l7 
1028 
1029 
10JO 
l(i 31 
1032 
10)3 
1034 
t O ]~ 
1 fl)b 

!037 
103B 
1fJ3Q 
1040 
1041 
1012 

Ln 104] 
~ 1044 

104~ 
1046 
\047 
104~ 
1(119 
1050 
10!;1 
lOS2 
1 053 
\()5 4 
it 55 
1"' ">6 
1057 
1() ';8 
1\'/59 
1 0 60 
lu61 

COMPLtX FUNCTION zroUROCx,ruN,TOL,L) 
C••INTrG~~L rROM 0 TO INriNITY or "FUN(G)•COS(G4B)•DG" D!FIN!D AS. THE 
C COMPL~X rOtJR!ER COSINg TRANSrORM wiTH ARGUM~HT XC•ALOC(B)) 
C BY CONVOLUTION FILT~RING WlTH COM~LEX FUNCTION "FUN"••AND 
C USING A VARIABLE CUT•Orr MgtHOO WITH EXT~NOED rlLTER TAI~S,,,, 
c 
C••BY W ,L~AND ~RSON, 
c 

U,S,G~OLOGICAL SURV~Y, O~NV!R, COLORADO, 

C••PARAMETERBI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c . 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r. 
c 
c 

X • R!!:AI1 A RGU~ENT C 11 ~LOG ( 8) AT C: ALL) OP' THE YOUR I ER TRANSrORM 
FU~I(G)Q ~XTP:RNAl1 OE:Ct1AR ED COMPL[X f\I NCTIOH NAMt: (USt:R SUPPLIED) 

OF' ~ RP.:AT1 ARGU MEWJ.' G, 

TOt• 

L• 

NnT~I If PAR MS nTHER TH AN G ARE R~OUIREO, USE COMMON IN 
Cf,LL!NC: PROG~AM i\t~O 1N Sli~PROGF<A~ P'trr~, 
TH f. CC"MPI.~ fX fti NCl'ION fliN ~HOIJLD BE A MONOTCNE 
()F.C~EASING FUNCTIO N AS ThE AHGUMENT G 13E:COMES LARGE,, 1 

t· r, R ~ f. A L • f} N L Y n INC T I rr~ S , S U UP R 0 Cf P AM • ~n· 0 U R 0 " 16 AD V I 8 E 0 J 
HOWF.:V F' R, TWO RE:AL .. fUNCTIO~J~ f1(Q),P'2Cl.) MAY 8t: 
I N 'I E G ~ A T r.o t N P A k A r. 1 I r: L e Y "' R 1 r 1 H G r u N = c M p L x ( r 1 < G ) , r 2 < G ) , 
REAt~ TOLr:R/INCfo: I<~ XC E. Pf fi. D AT CONVOLVE:D TAILS• .. t,£: 11 

I f F I T, T f. R * f 1 Jl J < 'f r:1 L • 11 A X , THEN R E .S T 0 f T A Il1 t S 'f RUN C ATE 0 t 
T H 1 5 I S r. f1 N [ -~ T i:HH H ~: N D .S Gf' I" 1 L T r: R • T 't P 1 C ALL 'i , 
T 0 L < = , 0 0 0 1 I S U 5 t J.~ L L Y 0 I< • "' B lJ T 'f H I S 0 E P E ~W S 0 N 
THE FtJNCTIUN FU N AND PflRHit;TER X,,,JN GE: NF;R AL, 

A "S r\jfa LJJ~R TClL" I~ 1 ! .J, tJS!Jh f. TJ Y RES UL T IN "1'10R f: ACCURACY" 
BIJT WlfH " ~lUR E Wr; I GH'f~ 11 bE I NG U~ F.D , TOL IS r.;oT OlflECTJ,y 
Rl-:t ~ r..n~ D ·r o 'l'RUt-.CA 'J' l DN EHR l~ ~~ BUT G~ ; ~~ f.RAI1 LY SU~V ~ 8 AS Ali 
APPR O XIMATI~ N lNDtCA1 DM ,,, roR V~RY LARG E OR SMA LL B, 
ONE 5HUt JL D US!!: A S ~'· A Ll..J~R TOL THAN HECO MHEND F;D A80VE,,, 

RF:SI.J LTINl. NO, FH~ t f~ t { WTS, USED IN THE: VARIAdLE 
c oN v or 1 u T I n N c L o E' P 1:. Nos u N To L AN o ruN ) , 

~ I ~J ·• L = 2 4 ~\ N D M ~ X , J, :; 2 R ! • • \·1 H I C H C 0 U l1 0 
0 C C II R I P' T 0 L 1 S V ~: f< Y 5 f-1 A L L ANn I 0 R P' lJ H N 0 T DEC REA S I N G 
VF: RY rAST,,. 

c~•THE R~SULTING COMP LEX CONVOLUTION SUM IS GIV~N IN ZrOUROf THE FOURIER 
C TRANSFORM IS THEN ZFOU~OIB WHICH IS TO B~ CONPUTED AFTER EXIT FROM 
C THis ROUTINE,,,, 
c 



1062 
1!'16) 
1064 
1()65 
1066 
1067 
1n6G 
10 69 
\070 
1071 
~(172 

1() 73 
107~ 
1075 
1076 
1071 
1079 
1079 
11180 
1 OlH 
1081 

Vl 
Vl l08.J 

\O'H 
1085 
1086 
10tH 
1088 
10~9 

1090 
1091 
1092 
1091 
lOY~ 
1095 
1096 
1097 
109~ 

~099 
1100 
1 t 0 1 
1101 

C••USAGE•• "ZrOUR0" IS CALLEO AS rOLLO~SI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

••• coMPLEX z,zrouRo,zr 
EXTERNAL Zf' · 
••• z=ZFOURO(ALOG(B),ZF,TOL,L)/8 ... 
tNO 
C'11'1PI,!:X P'UNCTION ZP'(G) 
,,,usgR SUPPLIED CODE,,, 
I!: NO 

C••NOTESI 
C C1), F.XP•UNO~~FLOWI8 MAY OCCUR IN tXECU1ING THE 
C 5TATEHENT FUNCTION CO(!I) BELOW, HQWEVE~, 
C THIS IS OK P~OVTOEO TH~ MACHINE SYSTEM SETS ANY ~ A~L 
C EIP•U~OgRFLQWIS TO 0,0,,.,,, 
C C2le SOME NON•ANS! FORTRAN stATEMENTS ARE U~EO 
C (~,Gc no 120 1~148,1t•1), BUT IT WOULD eg SIMPLE TO CONVERT 
C THES~ STATE~ENT~ TO AN~I fORTRAN, IF ~ECESSARY,,, 
c 
c 
C• .. COS•tX1'l!:NDF:r> FILT ER Wf:IGHT ARRAYSa 
C NOT~I ABSCISSA CORR~SPONDlNG TO ~~IGHT IS GEN~RATtD 
C T 0 SAVE 5 T n H ~ G g C SEE 8 T ,\ r e: HEN T F" UN C ·r I 0 N C 0 ( I I ) BEL 0 W ) 1 

DIMFN3ION YTC201)rY1(7b),Yl(76),YJ!76),Y4(5l) 
E 0 I !"IV A L t: N C E ( Y T ( 1 ) , Y 1 (1 ) ) 1 ( Y T ( 7 7 ) , y 2 (1 ) ) , ( Y T ( US l ) 1 Y 3 ( 1 ) ) 1 

1 CYT(12Q),Y4(1)) 
DATA Y1/ 

1 5,11HH01F.•14 1 
2 6.41797BOE•1~, 
l l.7S34t03E:•ll, 
4 2,3B1~757E:•1} 1 
5 'i,034991"?P.:•1), 
6 B,B91J ~'j •;F.: •ll, 

1 1 .. ~~3B 5 64 E •12, 
8 4 1 l ' } 2 7 ; 4 1 F: ,. 1 2 , 
9 1.0 06 327 <.J£ •lt, 
1 2,272005tE•\1 1 
'- s,o7S166 wr: •lt, 
1 t,t227lJ6~·1o, 

2,943J949E~t4 1 
\,30~5746!:·1~, 

7. 917)" ~ IH: .. t s' 
1,9'711\260E .. 13, 
5,220J~05~·13, 
1 4 170 ·':J7JlE•11, 
2,h2BY7A Ht:-.11., 
5.7Slh904 ~ ·1~, 

1,,4t17964e:•11, 
2,7452598E .. 11, 
6,t094)92g•11, 
1,3~76~6H.:•1 0 , 

2,~492~22E•14 1 1,~0l4St9E•14, 
1 1 19099~7~•1J,•1,2216214E•14, 
2,12l5&SRS•13 1 7,9981520E•14, 
1,R920132~•ll 1 3,4161340~•13, 
S ,9ij372~3~•ll, 7,8015306~•13, 
1,3\ 655 95L"12, 1,7578463~·12, 
~ ,91&7 ~ 97£~17, 3,90~4344E•1~, 

6,bS6~5~2i•12 1 e,45~567~E•1~, 
1 1 ~134682£•11, l,ij~Q14B8E•1l, 
3,402~4~1~•11, 4.0~7S995E~1l, 
7,~ 4 ~29H2E•t1 1 9,t.45759E•11 1 
1,672046~E~lO, 2,04tl244E•10, 



110) 4 2,49)2743!:•10, 3,04706&1!:•10, 3,7198'2~E•10 1 4,54499]4p;•10, 
1t 04 5 5,5502537~•10, 6.7793669!•10, 8,2810001!•10, 1,0112626E.,.09, 
1105 6 1.2354800~-09, 1.5085255!:•09, 1,84122531!:•09, 2 1 2503397E•\l9, 
1106 1 2,7499027E•09, 3,~5695251!:•09, 4,1025670F.P-09, s,o07748H:•09, 
1107 8 6.t?.05950E•09 1 7.47033991!:•09, 9,1.312760~•09, 1,11439111::•08, 
1\ 0~ 9 1. J"l27.q2cn: .. oe, 1,nE2J917E: .. OB, 2 1 0324094E•08, 2,4798b10E•08, 
1\09 1 l,OJ~H70'JE•08, 3,699298bE•08, 4 1 5237482E•08, 5,S18l434E•091 
1110 nAT~ Y2/ 
1111 t 6 ·,7191070E>•OP. 1 8,231791bE:•09, 1. 0069271 E•07, 1,2279375e•07, 
1 \ 12 2 1, c;o221on: .,o7, 1,1u 169()q~~:;.o7 1 2,2 4 1l747E .. o7, 2,7322965~~ "07, 
u 11 ] ll 'H41 <>4hE:•07, 4,()75fl1~7f. .. 07, 1,9 kSI4 47f-lE>•07, 6,o79J::n~E·07, 
111 4 4 7,4 ·H3t>h5E•07, Y_o67~7~ :n~ .. o7, 1, J. l07l7n:.o6, 1,.,54!~ti51f:: .. oe>, 
1 11 5 5 1 I 0 ':>., .3 I) 1 ) E. 0 6 I 2,o17t\27H:- uo , 2 1 tl 7 2 ; ~ 7 S 8 E • 0 6 , l,009044 ~ f.·06, 
l I 16 6 3,6R<.!BR16E:"'06, 4w4B7962!:>E•06, 5,5~59521£•06, 6,6935820E•06, 
1 tl7 1 ~ • 2 1 n o ·11 6 F.: .. o 6 , 9,9ff:?El59lE•On, 1, 22 6o ~;n!: ... os, 1,48B8061E .. OS 
1 t 1 8 B t.'i29hS30E•05, 2 • 2 2 ,J 1. r.. 1 n: .. o s , :!. , ·1 3 0 5 1 5 4 E • 0 5 , 3.3109o72E•05, 
1! 19 9 4 • 0 1 '; 1 () 4 6 F~ • 0 5 , 4~9J724g4E,.05, 6.0820947£•05, 7,3619571E•05, 
11~0 1 9 I 0 ., ~ l) 0 0 5 E • 0 5 ' 1,0971')9)71-: ... 04, t, JS~o~09E:•04, 1,6Hi567tiE•O•, 
1171 2 2,0227521E•04, 2,41<.JB.l3BE ... o~, J,0197018E"'04, 3,b3 70760E .. a4, 
1122 l ~.so8374t-tf. •04 1 5,42t .l~ltH: -o~. 6,7::J1!>.HH:•04, 8,080095~\:: .. 04, 
u 23 4 t.OOS193Af.•O!, 1,2041~011£•0}, 1 1 50ll70lH:•CJ, l.7942344f.•03, 

lr1 1124 5 2,2~21056~·0), 2,t1'730h16E ... 03, ~,3 1\906b 1E•03, 3,9S15050E•03, 
()'\ 

1t25 6 s,ool.ij~&nE•Ol, 5,92q56titlE>·O ·;, 7 • 4 7 3 0 't 0 5 ~: .. 0 ) , 8,B2335tO!!:•U3, 
1 !~ 6 7 1.1160137.E..,02, 1,31195271!; .. 02 , 1, 60').) lQ9~·02, 1,9472767E•02, 
!. 1 2 7 8 2.4H00H1\'E. •O?., 2,~7~3704'1!-0 ?. , Jtfi7b20&3f::•02, 4,2;).287BOE•02, 
112~ 9 5 • :• ~)(\, 1 b J E •I) 2 , 6,0 .. 0 466ot~ .. Ot 1 1,70ti173RE•Ol, 8. 3~74!>01£': .. 02, 
1129 1 1,0377190!i: .. Ot, 1,().l777UH:•01, 1,1H92208E•01 1 9,0437429~·021 
1, J 0 D~T~ '01 
1 t J1 1 7 1 168513BE•02,•~,947l064~·0i,~1,507S720E•01,•4,0489R59E•01, 
1131 2•5r6~1Bq95E~Ot,•6,S050~9B~·01 1 •1 1 5094214E•01, 6,6l04064f: .. 01, 
1!. 3 3 3 1. 1766'74R [ +00 1 •8,0373222 [ •01,•l 1 0~696 29Et00 1 1,2812S9:iE+OO, 
113 4 4.5,03410R,E•Ot,•4 1 427445~f•02, ~.o~1~102E•01,•l 1 9999661Ew01 1 
1135 5 1,5207664E•01,•1,0920260~·0l, 7,81b9956E•02,•~ 1 bb51561E~02, 
1136 6 4,1611799f.-02,•3 1 0960012E·07., 2,3072~59E•01,•1 1 7l11611E•02 1 
1\37 7 l 1 3021442E•02 1 •9,90B502~E-0 5 , 7,~943~29~•03,•5,S7695!~E·03, 
11 J ~ 9 4 1 207)164E•03 1 •J,t745026F.·0 3 1 2,3 9~4 t54E•03,~1,~076122E~03 1 
1139 9 1,3h40ij16E•03,•1,0291934E•03, 7.1bB29S2E~04,•5,e6235l~~~04, 
11.40 1 4.4240J99~•U4,•3 1 3lR61BJE~04, 2,5195025E•04,•l,9013541E•04, 
, 141 2 t.4J48659E•04 1 •1,0~2A284~·0~, a ,171~174E•05,•6,16b7509E•05, 
1\42 J 4,6517 6a 4E•05,•3,5119d87E· O ~, 2 1 b~ 0 3389E•05,•2,0000904E•O~, 
1141 4 1,~093768EeO~,e1,1390572E•05, ~,59S9318E•06 1 •6 1 4869407~•06 1 



1t44 
114, 
1,46 
1147 
1,48 
11 49 
1150 
1151 
115 2 
1! !I] 
115~ 

11~5 
1\5,; 
11 57 
115R 
115 9 
11. 60 
11 61 
1 ~ , 2 
l 163 
1164 

V1 1165 
-......! 

U66 
~\67 
\\68 
1169 
1t 70 
11 71 
1172 
u 71 
u 74 
117~ 
11 ., 6 

~\'11 
11 '18 
1179 
1\ ~0 
litH 
118 2 
ltRl 
11134 

5 4,8Q53713E•06,•3,69428l0~•06, 2,787862SE•06,•2 1 10382.1E•06, 
6 1.5875911~•06,•1,1980090~~06, 9~039aOlOE•07,•6 1 8208296E•07 1 
7 5,145S650~•07 1 •l,8817S81E•07, 2,9272267E•07,"2,2067921E~07 1 
8 1,6623514~•07,•1,2Si4102E•07, 9,40345JSE~08,•7,0556Bl7E•08, 
9 5,27~158tE•09,•3,9298610E~Oij, 2,9107255E•08 1 •2,1413893~"08 1 
1 1,5742012E•08,•1,149S60dgn0ij, 8,7561571E•09,•7,2959446E•09/ 

DATA Y4/ 
1 6,AB1~61QE~ O q,•R,967 98 25[•09, 1~~25~275E•GB,•1,9564299E•08 1 
2 2,0235J13F-•0~,·1,472~54~~- oe , ~,4n3?~20E•09, l,59955SOE•09, 
).9,~28713) E • 0 9, 1 1 1460041 ~ ·0 8 ,•i 1 025 05 J2 E •OB, 7,464174~E•09 1 
4.4,470~155 E •09, 2,04990~3E·09,n4,4~06l5Ji~l0,•4,0374336E~10, 
~ 7,n)2t oot~~ 1o,-s,7o67960 E ·t o, 4,9130404~•lO,·~.B9407~7E•10, 
6 1,2l73144 E •10,•1,5260~4~~·1~,•4,2 0 2 7~59 ~ •11, 6,1885474E•11, 
1.5,92739J7E~tt, 4,65~~166£u\1,•l,2054182E~11, 1e98l16J7E•11, 
8"1,1~1009~E•l\, 5,95670JtENl ~ ,.l,2 1 17U12E•12 1 2,1J53S60E•12 1 

9.1.~476ij5t~·t2, 1 1 R43R474 ~ ·l2,•2,H 362842E •12, l 1 7241847E•1~, 
1•1,51&147~ £ ·12, 1,2&27 65 7 E •12,•1 1 0 129 176~•12, 7,9579 6 25E•13, 
2-6,2t3l43 5E •ll, 4.~745~0 0E •1 J ,•J, q'l03b30E •lJ 1 J,117254 1~ •ll, 
).2, 539 70 02~ •1,, 2,0 B24 13 U~·l3 ,•1 e712, 16l E• 1l, 1,411J344E•1) 1 

4•1 1 1~A19 8 6£wJJ, ~,76640lb~·14,~H,2 9 77176E•14, 7,~515267E•1t, 
s.s,6o47478~•14/ 

C••S$E NDATA 
c 

C n .'~ P L e: X f IJ f'l , C , C 0 , C t't A X 
ntMENSJON TC2),T~~XC2) 
E()IJIVAl-E:NCE: CC,T( 1)), CC MAX,T~~" XC 1)) 

C••~TATtM~N T fUNCTION"~ lNCLU O~S AHSClS~A GgNE~ATlONI 
C 0 C I 1 ) ~ rtl N C f. X P ( • X +fLO ~ 'l' (ll) * • :l 0 .. l 0, 3 02 512 36)) *YT (I 1) 
ZF' OIJPO= CO.o,o,O) 
t.MAXc::co.o,o.o> 
L:z22 
DU 1tO t=149,170 
Cli';COCI ) 
7.1'01J~O;:zrOliRO+C 

T~AX(t)=A~AX1(ABS(T(1)),TMAX(1)) 
TMAXC2)=A MAX1CABSCT(2)),T MAX(2)) 

11 0 C CHIT l'W F.: 
lf(T~~X(l), f.Q,O ,O,ANO,T~AXC2),[Q,O~O) GO TO 150 
CMAXCTUL*CMAX 
no 120 t=t4e,1,•1 
Ct:COCI) 



U.85 zroURO•ZfOURO+C! 
U86 L•L+1 
1197 Ir(~H~(T(l)l,LE,TMAX(1),AND,AB3(T(2)),Lt,TMAXC2)) GO TO 1)0 
11Rit 120 CONTlP1UE 
1!09 130 no 140 t=l7t,29t 
1190 C=CO(I) 
1 1 91 ZYUUHO:czrOURO+C 
1192 t ,:T1+ 1 
UCJl lf(AbSCT(l)),LE,TMAX(1) 1 AND,ABS(T(l))~L!,TMAX(2)) GO TO 190 
11.94 140 cnNTlNllt. 
1 ~ 9 5 r.o To tqo 
!1 9 6 150 n, t6o r:st,t49 
1 197 c=COCI) 
11911 ZP'flll~ 0 :::zfOUR OtC 
1199 L=L+1 
l:'t!OO 1F(T{1),~Q,O.O,ANO,TC2),~Q,O,O) GO TO 170 
1?.01 160 CO!IT1NUF. 
120:;! 170 PO 180 1=281 1 171,•1 
1201 r.:C:IJ(I} 
1204 7. P'O liP 0 =ZP'OUR O.f.C 
120~ t. ~ t,+ 1 

\..J1 1205 IrC1Ctl,tO,O,O,AND,TC2),EQ,O,O) GO TO 190 
CX> 1207 1SO CC\IITINUE 

1209 190 ~F.'. TURN 
1209 tN[.) 



l.n 
\D 

1210 
1211 
1212 
1?.13 
1~14 
1 ~~ 1 !3 
1216 
1 :( 17 
1218 
L11 q 
1/.~0 

12/.1 
1?.~2 
1?.23 
1 '1. 2 4 
1).25 
12J6 
1:1 2 7 
), ?. ?. 9 
t 2 2') 
1~30 
1 ~ 31 
1'.? 3 2 
t ·. ~ Jl 
l?.J4 
1 ;q ~ 
L~J6 
1 ~~ 11 
1138 
1 =~ 3 9 
1?.40 
1241 
1?.41 
1711 
1~~4 
t ~ -~ 5 . 
l ,~ 4 5 
1247 
1:!48 
1249 

COMPLEX rUNCTION ZYOU~l(X,fUN,TOLtL) 
C••INTEGPAL FROM 0 TO INriNtTY or •rUN(G)•SINCG*S)•OC• DtriNED AS · THE 
C COMPL~X fOURI~~ SIN~ TRANSPORM WITH ARGU~~Nt X(•ALOG(B)) 
C BY CONVOLUTION fil,TEPING WITH COMPLEX fuNCTION "fUN'•~AND 
C USING A VARIABLE CUT•OFP' METHOD WITH ~XT~NDEO FILTER TAILS,,,, . 
c 
C••RY w,L~ANDERSON, u,S,G~OLOGICAL SURVEY, O~NVER, COLO~~DO~ 
c 
\.••PAR~MET~RSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r. 
c 
c 
c 

X o R~:AL AHGlJME:NTC~r:ALO<.;crq AT CALL) or THE P'OURIER TRANSP'ORM 
FUNCG)~ EXTERNAL DECLA8~D CJMPL~X fUNCTION NAME (USER SUPPLIED) 

OP A PEAL ARGUM~N1 G, 

TOLII 

L• 

NOTEI IF PARMS OTH~N THAN G AR~ REQUIRED, USE COMMON IN 
C A t. L l N G P R n G R A. M A N 1J HJ 5 U b P P 0 GRAM f . UN t 

TIll!: C f1 1<1 P L E X l' LH• C T r CJt J f U N S H 0 U L D 8 ~ A M 0 li (J T 0 N E 
Df.CREA~Trlf. ~'UNCTlO i~ AS Tt.;t.: ARGll~~ENT G oE:COMf:S LARGe;,,. 

fi'DR RI':AL•r1 NL\ rlJtlC'PU iJ ~, SUBPI'HJGRAM "RfOVRl" IS ADVISEOr 
HO\t.P.:Vn~, 1'\'iO RF. Al · ·~ UNCflnt-.t ~ r1 (G) ,F2(G) MAY BE 
I NH;l;RATt:D r ~~ P" Hll.J , f , ~ . T.· H ':.' \oiP I 'l'! NG FliNc:C~Pt, X ( F' 1 (G), F 2 (G)) 
Hl!:Ar_, TOLLRA1~('e; EXC Cl• 'ff.t) AT CUNVOt.VED TAITJS• .. I.~,, 

lP' F'lf.Tf':R~FUN<1' iJ[ , * :<~AX, Ttn:l'l Ri::ST Ofl' 'l'AIL IS TRUNCATED, 
Trft5 TS IJONC: AT !i!>Tll ~~NDA or fH,TER, 'l''iPIC.ALLY, 
TOL <::~ ,0001 I.s USUAL (.y ClK ... •BUT THIS DEPt.NIJS ON 
T H P.: f lJ N C ·rr 0 N r ll N ft ~ P r f, ~ ~ A 1·1 ~ T' E R X , t , I N G E I~ E ~ ~. L , 

A "~HAf , TJF.:R TOL" \ll li.T. IISlJiq,IIY RtSUt,T lN 11 M0f(E ACCtJRACY" 
ROT WITH 11 MORE: W~; IGHTSH t-.r: ING IJM.O, TOL IS NO'r DIRECTLY 
REl·11.TH1 TO T!W~J CA 1 JOI 1 Ern~rJp , BUT G~NE: RALLY Sl-::P.VF:S AS AN 
APPROX !r-iAT !ON JNIJ ICJ\Tf il<,., frJR vc:Ry LARGE: OR SMALL 8, 
ONt:: SHO!JLO ll,"'&: A S ~I A 7 ... l,~~ R TPlJ THAN Rf:COMMEND!:D ABUVE t t t 

fHf. S t1 IJ'r T N G N 0 , r I I. n~ fl ;.~ T S , lJ s E ['l Hl T •u: VARIA B L f: 
CnNVOt,IJ't'lflN (L DE.PE.tJOS m1 TOL 1\NO l'"UN) 1 

M I N , L : 2 0 A N D M A ;( 1 l.:. ?. 6 c ~ _. 1
: : t1l C 1i C 0 U L D 

OCCliR H ' T·OL I;'\ V~: :~y ~M A. Ll..J AND/OR P'tJN UOT Oe!CR!AtUNG 
Vt::HY P'AST,., 

C••THP.: RESULTING COMPl.~X COrtVO!.IJTIL'N ~UM I8 GtVEN IN ZP'OURl J THE FOURIER 
C TRA.NtlF"ORM lS THEN ?.fi'OIJRt /~ WHICH 1[· TO BE COMPUT!:D AP'TER !:XlT rROM 
C THIS ROU1I~~•••• 
c 



0\ 
0 

1250 
1251 
1?5~ 

12~3 
11.54 
1255 
1 -~56 
1~57 
11!59 
\?.~9 

!?.60 
1261 
1 :s. 6 2 
126J 
1).64 
126~ 
126fl 
!2n7 
1?.6tt 
1 'l69 
l/.10 
l??t 
1212 
1 ?. '1 3 
l?.74 
1175 
1/.76 
1277 
12., e 
1119 
l:!S{O 
1201 
l21?? 
12133 
~7.~4 
!~B5 
i'2A6 
!2f!7 
1298 
1189 
1290 

Cw•USAGt•• •zrOURt• IS CALL!D AS FOLLOWSI 
c ••• 
C COMPLEX t,z,OURt,zr 
C f.~TtPN~L zr 
c • ". C ta:zP'Ot!R' !.I.!JOG(8) ,zF,TOL,Ll/8 
c ••• 
c .:tJD 
C C~~PLEX FUHCTION Zr(G) 
c , • ~ usF.:R sus-pr, u:o coo~.,, 
C t:~JD 
c 
C••NOTtSI 
C ( 1) • F.XP•I1NOERP"JJOW iS MAY OCCUR IN EXECUTING THE 
C STATP;Me:?J1' P'IJNCTion C1(11) BElJOW' HoWEVER, 
C T!l J S IS 01< ~Rf'V I D!:J) TtU.; MAC Hl N!!: 8YSTEM SETS ANY & ALL 
c r.XP-UNDJ<:Rfl,('IW' s TO 0 I 0. ' ••• ' 
C (2), ~OME f'JCHl•A~~SI fORTRA~ 5TATn,ENTS ARF: USED 
C (E,Ga CO 20 t=190,t,~l), euT IT WoULD BE SIMPLE TO CONVERT 
C THESE STATEMENTS TO ~NSI fORtRAN, IF NECESSARY 111 

c 
c 
C••SIN•~XTENDF.D riLTr.R Wf.XGHT ARRA~SI 
C NOT~I ABSCISSA CnRR~SPnHOING TO W~IGHT !6 GE~ERATEO 
C.: TO ~AVE STDR!\GE: U5F:E: S'l'A'l'ErH:NT I-UNCTION Cl(li) i\ELOW)e 

OIM~NSION WT(266),Wt(76),W2(7bl1Hl(76),W4(38) 
[QUIVALENCE CWT(1),W1(l)),(Wt(77),W2(1)),(WT(t5l),W)(l)), 

1 (WTC229),W4(1)) 
DATA Wl/ 
1•1,t11l~40~•09,•t,l237246E•l~, t,~09t739~•12,•1e6240954~•12 1 
2 J .7236n36F.•12,•1,8227721F.•11, lt9~5S992E•12,~~,0ll5514E•12 1 
l 2,1471541£•12,~2,2675~49~-t~, 2 1 3946842E•1~,~2,5292661E~t2, 
4 2,~71911oE~12,•2,~22769l~•12, 2,9R2517tE•12 1 •3,1~14006E•1l, 
5 l,J29756~~·12,•3,5t790Q~£w1~, l,7163~06E•t2,•l,9256378E~12, 
6 4~14E4790E•12,•4,3794552E•12 1 ,,6252131E~12,•4,8ij45227~•12, 
7 5,15A2A09E~l2,u~,4474462E•12, ~.1~30277E•12,•b,07b0464E•12, 
8 6.411S06~E•12,•6,7781~~1~•11, 7,t595239~~12 1 •7,S61B762E•12, 
9 7,Y~64~77EM12,•9,4344110g•l~, a,9072~2~EM12,•9 1 40b7705E•l2 1 
1 9,9J494l9E•11,~l,0~9l7l1~·11, le108<900E•11,•1,1709937E~11, 
2 1,2J70351~•11 1 •1,J067414E•11 1 1,3802200£•11 1 •1,457~980~•11 1 
l l,539068SE•1t,~l,624~ll3E•11, 1,715o914E~t1,•1e8115250E•l1, 



0'\ 
f--J 

1291 
1292 
1291 
1 ?. 9~ 
1?.95 
1296 
1'-97 
1296 
1 ~9 ~ 

1 .' 0 0 
1 10 1 
1 )0 2 
1 3 (I) 
1104 
2305 
1 30b 
110 7 
1 ~ 0A 
1) 0 9 
t '1 0 
111 1 
1112 
1 11 ] 
1314 
111~ 
1l1 b 
1 H 7 
\ H8 
1319 
1120 
1 ) :l1 
!122 
1 '1 ').) 
1~:24 
1325 
1 l2 6 
11 '27 
1 3 2 8 
1 . ~ 29 
1)30 
1.131 

4 t,g1J1898~•tt,•2,0209795E•11, 2e1352t59~•1t,•2.~S61735!•11t 
S 2,J840976E•11 1 •2,519~253!~11 1 2,6618l1~E•11 1 ~2.8122547~•11, 
6 2.9709129E•l1 1 •3,1382870E~11 1 l,31490JOt•ll,•J,S01l16BE•11 1 
1 J,6981050E•11 1 •3,905~553E~1l, ~.l7St694t•11,•4,3566777E•J1 1 
9 4,~010537E•1t,~4,9590)96~•t1, ~,lJ14761E•11 1 •5,419l3S3E•11 1 
9 S,7236720E•ll 1 •b,04~5911E•l!, 6•386t22~~·11 1 •6,7461492E•ll, 
1 7.t2652~4E•11,•7,5279175E~tl,. 7~~~12249E•11,•~ 1 3971J27Ew11/ 

01\TA WI./ 
l 8,8bn8q61f-•1t,•9~3~21900~·11, 9,8 05,764E•11,•l,0439Ji9E•10, 
2 1,t024n~7E•10,•1,tt446~0~•1 D , 1 1 230i979E•\0 1 •S 1 2997646E•10 1 
J 1.J733 2 44E•l0,•1,45t036~ E• 1 0 , 1,~3?.Q772!wl0,~1,619~5~0E•lO, 
4 1 , '7 11 0 1 3 o ~~ ,. ~ 0, ., 1 , B 0 7 4 2 57 S • 1 0 , \ ~ 9 v 9 1 ~ 2 2 E oc l 0, • 2, 0 1 6 6 H l t1 ~ .. 1 0 1 

5 2,1300756£~10 1 •~ 1 2498l55E•l0 1 2R37~3936E~t0 1 •2,~100C98E•10, 
6 2.6Stl250 E •l0,•2,~001h16E·1 0 , 2,957Sf91E•10 1 •3 1 12lB237E•10 1 
1 l.2 9 Y~314~-lO,•J,4A4~209~ " t0, l,6UOB5~9E~tO,•l,B~7A041E•lO, 
8 4 1 1DbJ9H2 E*10,•4,3l72666£•1 0 , 4,S 8 11059E•10 1 •4,83ij604~E:"10 1 
9 s.tJ0~7l~~·tn,.~.397767~~-1 o , ~.7 o tt632E•to,~~.o/.15516E•10, 
1 ~. l60t273E 4 1o,ft6,7t75964E-l o , 7,o ~ ~ ~o 2eE•l0,•7.494260tE~to, 
2 7,9J6 l0 2 SE •10,•8,1606980E•~ O , ~, UJ l7llOE•10,•9,3270330E•10 1 
3 9,85JJ749~·10,•l,04 0 450 B~ · O~ , 1 1 099 373tE•09,•1,l605412E•09, 
4 t,22n73 9 t E •09,•t.294290Sr.~ o9 , 1,3 o9 1~'1E•09,•1,44299t2E~o9, 
s t,S2A 8 1&4E•09,•1,6077524 ~ ~ o9 , t,7o ~ s 99e~~o9,•1,78~047t£~o9, 
6 1 • 9 1 2 9 o 6 fil': • o 9 , • 1 , 9 n 5 '7 1 1 b E: • o 9 , 2 , t 4 9 1 6 o li E • o 9 , • 2 • 1 9 2 o 7 7 9 E: .. o 9 1 
7 2,4lt26&0E• o q,.~,J 959044E~n9 , · 2,7 ~7 250o~~o9,•2.~&10~9oE•09, 
8 3,276~JlA~• 0 9,•2 1 6092 9 4 UE ~ 09 , 4~02ht453~u09 1 •2,3560563E•09, 
9 5 • 11 7 6 ~ :> 4 ~: JO 0 9 , • l , 3 q 6 c) 1 6 1 F: .. 0 9 , 7 , 7 ·7 (, ~ 7 4 7 E .. 0 9 , 1 , 1 8 5 J 5 4 b 1!: • 0 9 1 
1 1 , ~ 7 h (') q 5 1 1': .. 0 8 , 7 , 4 1 6 4 7 0 7 E •• 0 fJ , 2 1 3 3 4 2 1 £> 7 E" 0 B , 2 1 1 8 6 'j 8 ~ 1 e; ~ 0 B I 
O~TA 10 I 

1 4,~306744E•O~g 5,4&3168bE•08, 9,b7~3087E•08, t~2823Jl7E•07, 
2 -; • o e .~ '( R 1 2 r: .. o 7 , 2 • 9 2 & o s 4 o p; .. o 7 , 4 • o 5 9 (I a ij s E • o 7 , 6 • s 9 9 2 41 1 E .. o '1 , 
3 t.co 568 15E~0& 1 1,417918JE vO b, 2 1 2 2 ~4 J3 5E • O b, l 1 2994~04E•06 1 
4 4,94 050 23 F!. •Oft, 7,3545473E•06, 1,i 001083E•05, 1, fJ l80'5l9E•OS, 
5 2.4469 550£ ·0~, 3,64 b9 24 h~~o~ , s, ~ 4~1~27E~os, ij,1176726E~o5, 
6 1,2113 82RE ~04, 1,80b 619 4E•04 , 2 1 h~j(609 E~04, 4,020228BEft04, 
7 S,9769995Ew04, 8,9437312t•04, 1 1 3 3 38 166E~OJ 1 1,9~86697£•03, 
8 2,Q61l943 ~ • 0 3, 4,4l 6H92 3E• 03 , 6 , 51735 1B E• Ol, 9,1855105£•03, 
9 1.4 5 39lh1E~02, 2,15586 10! ~ 02 , 3 ,1 U 7lB b4 ~ ~o2, 4,6903518E•02 1 
t 6.gs59St2~·02, 9,917 01S2~ · 02 , 1,4t2 u 77of.~ot, t,9610~l5~·01, 
2 2,6t 9260JE • Ol, 3,274J3A1~~01 , 3. ~40 7406E•01, 3,1257559tq 01 1 

3 9,046016B E "02,•3,6 0SlOJ9g . o1 ,• B ,6 324760E •01,•8,117872 0~~0 1 1 
4 5,~~051i1E~Ot, 1,5449913E+0 0 ,•1,t 8179 llE+00,•2,675989oE•01, 



1132 
1)3] 
1334 
1335 
1}36 
1J37 
1338 
113q 
1340 
1 3 4 l 
1342 
13~.J 
1144 
1 ~ 45 
1 ':; 46 
t 3 4 '7 
1 1 48 
1 ~ (\ ') 
1 ·~ 50 

11~1 

(J'\ 1 3 52 
N 1 ~ 5 J 

1)~4 

1 :~ !i 5 
1 ::J S6 
1 ' 57 
1 .15 a 
1)5q 
l l f, 0 
l:!U~ 1 
l s o2 
L~ 63 

1164 
1.~65 

t~6n 
1367 
1}6~ 
1 H,9 
11'10 
t n 1 
1 J72 

5 8~0R6920~~·0t,•6,2757149~·0t, 3,4062630E•01 1 •1,5885l04t•01, 
6 7,047l994E•02 1 •l 1 1624462E•02, 1 1 4894068E•02 1 •7,482117&E•Ol, 
7 4,00J59)6E•OJ 1 •2,254l7~4£•03, 1 1 31603S8£•0l 1 •7 1 B636604£•04 1 
P 4~7&58745~•04 1 •2,9125~17E•04, 1,7ij8~105E•04 1 •1 1 101241&E"04, 
9 b,7910l34E•05 1 •4 1 1914054E•O~, 2 1 5881~44E•05 1 •1 1 S9ij5851E•OS, 
1 9.8751880E~06,~& 1 1008526E•06, J,769~P4l~•06 1 •~ 1 3287953E•06/ 
n~TA ~4/ 

1 1,439~425~•06r•8,8R99l53E~07, 5 1 4926991~"07,•3.3937049EN07, 
2 2.0Q6~2~4~•07,•1,29554]7~H07, 8,0046JJ6E•08,•~ 1 94~7371~•08, 
l J,0~57711E•Oq,.1,8980J9UE•08, ! 1 16~5~54E•08,•7,207b42~E~09, 
4 4,4S3342l[~09 1 •~.7515S9bE•09, 1,70 0 1092E•09,•1,0504494E•09, 
5 ~.4~04~61E~· t0,•1,0102999g"10, 2,477B763E•10,•1,5310J21~•10 1 
6 9,4nOOJ54~•1t 1 •5,9451Jt4g•11, 3,6119400E•11,•2,2l20056E•11 1 
7 1,379J460~•1t,•S,52416SbE•l2, 5,2t?S102E•12,•l,2~43076E~11 1 
A 2,0097689~•12,•1 1 240S412E·t~, 7,b S j0~3~E•tJ,"4 1 7191929£~tl 1 
q ~J9094Y9J~~~!,•1 1 192!66i~~lt, lt10Sa94SE•il 1 •6,7ij85902E•14 1 
1 4,201~0~0!•14,•2 1 13147l1E~14/ 

t-•8$~~0ATA 
c 
c 

CCH4Pt.l:':X fUN,C 1 Ct 1 C!'4AX 
DIM~NSJnN 1 (2),TMAX(2) 
tOUIVAL~NC! (C,T(l)),(CMAX,T~~X(l)) 

C••8TATEHF.:N'r P'UNCTlf')N•"' INC!,U0£6 AI \ SClSSA GENt:RATIONI 
C1(tl)=PUN(EXP(•X+Y~~·T(ll)* 1 20•3B,30455704))•WT(Il) 
zruu~t=co.o,o,o, 
c~A.x~co,o,o.o, 
, ,: 19 
no 10 1=191,208 
c=r.tCI) 
7.P'IJI.J~ I ;rz,F' OtiR 1 +C 
TMAX(t):AM~X1rA~S(~(1)) 1 TMAX(1)) 
T~A~(2):AMAX1(AB5CTC2))•T~AX(2)) 

1 o c o:q· n: u~o; 
lfCTM~X(1),~a.o.o,A~O,T~AX(2),EO.O,O) vO TO 60 
C/11AX='tUL*CMA>: 
DO 1.0 I11l90,!,o1 
C aC 1 ( ] ) 
ZtrOIJRl=ZfOUR1+C 
L=Y1+ t 
IfCA~SCTC1)) 1 L~.TMAXC1) 1 AND,ABSCT(2)),LE,TMAX(2)) GO TO 30 



1171 20 CONTHlUE 
1174 30 00 40 It~i:09,26t 
1!7~ C=C1(t) 
1)76 tF'OUR1=ZFOUR1+C 
1 ~ 7 7 L=L·H 
1)78 Jr(A b S(TC1)).Lg,TMAX(1).AND~ABSCTC2)),L!.TMAXC2)) GO TO 50 
1 3 '79 40 CONTlNlJJ:: 
1180 50 ~~TlJHN 
1l91 60 no 10 I=-1,190 
1 Hl2 c ::c 1 ~ r > 
1 J A .1 7.P'DURt~~:zrOUf'l+C 
1 Hi 4 L=IJ+ 1 
13135 lf(T(t),(O,o,O,AN0 1 TC2),EO,O,O) GO TO 80 
1 l 8 6 70 COIH1NUE 
\ 181 so no 90 12266,20~,.1 

. 1 ~a a C=C1Ct) 
118 9 ZfOIJP.t=zP'OURi+C 
1 ) 90 JJriJ+1 
1 191 lf(T(1),EO,O,O,AND,T(2).EQ,O.O) CO TO 50 
1392 90 COt~TitlUf. 
1 ·; 9) Gr1 TO 50 

0'1 139~ ENO w 



0'\ 
~ 

139! 
1.396 
1197 
1~98 

t.l99 
1~00 

1 ~0 1 
1102 
1 ~ 03 
1 404 
1 ~0 S 
J406 
1-* 07 
1 ·~ 0 8 
140'1 
i4\0 
1 ~ 11 
14 t 1 
141 l 
1 ~ ~ 4 
111 !5 
14l6 
11t7 
1 HS 
1~19 
1·~ 2 0 
11l21 
142~ 
14~] 
1424 
1425 
1426 
1427 
1~4!~ 
! it~ 9 
14~0 
1411 
1 <1 12 
1433 
1414 

R~AL rUNC!ION ~LAGHO(X,rUN,TOLiLtN~W) 
C••••• A RPtCIAL LAGGED• CONVOLUTION ~~THOO TO COMPUTE TH! 
C IUTEGRAL fRO~ 0 TO lNri~lTY OF "fUN(G)~JOtG*B)*OG" D~FINtD AS THE 
C ~EAL ~A~KfL TRANsfnR~ OF ORDER 0 AND An~UM!NT Xt•ALOG(8)) 
C BY C 0 ~J V () l · V T 1 0 tl f I LT ERIN G Ill IT H !lY A L F iH~ C T I 0 N "fUN "• ""AND 
C USING A VARIABLg CUt~orr M~THOD W1 TH ~XT~NOED FILTER TAILS,,,, 
c 
C••BY W,L.ANO[kSOH, U.S~G~OLOGICAL SU~V ~Y~ D~NVtR, COLORADO, 
c 
C" .. p~~AMFTE~Si 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

rUN(G)" 

TOL .. 

Ll! 

* NEW .. 

~ REAL ARGUMENT(G~LOG(U) AT CALL) OF TH~ HANKEL TRANSFORM 
" R L A G H 0 " I 5 US i!: P' ll L 0 N L Y ~!H EN X • (lJ A S T X ) • , 2 0 * • * 1 , E ., 
SPAC~D sAM~ AA FILT~R Us ~o~•Ir THis Is NOT CONVENIENT, 
TtiEN SUBPROGRAH "RI!ANKO" tS AOVISED FOR GENERAL USEe 
(ALSO SEE PA RM ~N~Wt ' NOTfS C2)•(4) B~LOW), 

f.:XT!:~NAr, DECI1AR£D Rf.~L rur-;crroN NAI-1 E ctJsER 6UPPLII!:D). 
NOT~1 If PARMS OTH ER THAN G ARE REUUIREO, USE COM~ON IN 

C~LLlNG PR!lGRA M t,Nl> I N SUBPnOGRAM ftJN, 
'l'Hf H~AL lfllNCTION t'lJN SHOULD Bt-: A t~ONO TONE 

DECRE:AS!NG V'UNC TI ON AS THE ARGU~EN T G BECOHES LARGE,,, 
RP;ArJ TOJJ ! . RA~JCF.: U~CI<P TF.: [J AT CONVOLVEO TAILS••I,E,r 
Ir FILTEH~~· u N <1' 0 L~ ;~II X, 'T'l!E:~ ~l':t.iT or TAlt, IS TP.UNCATED, 
THIS IS DO N ~ AT ~OTH Eh D ~ or FILTER, TYPICALLY, 
TOL <= ,0001 lS l! SIJA!.t. Y QK••BUT THlS DEPt:NOS ON 
THE ruNCTION P"\l N AfJI) f'AP .. I\Hf.rC:R X,,,rN GENERAL, 

A "S ~1 71LL£Fl l'OL" r.' T.l , [. 'JS(r~l · L ¥ RES UL T IN "M ORE ACCURACY" 
BUT WITH "MOR~ W ~ I G H?S" f S! NG US~o~ TOL IS NOT DIP!:CTLY 
Rf:LATEO TO TRU IH:ATI OH En~Jl}\ , 8UT Gt: Nt; RAI1LY S~RVEt; AS AN 
APPROXlH~TION lN!JICA Tr1R, ., FO~ V~RY LARGt; OR SMALL B, 
ONF: 5H0lJ(,0 TJS!: A S~.~.J..~f .. SR 'l'D L THA N RECOMM~NOED ABOVE, • 1 

R ~ S U LT!NG ~0, FILT ER WTS, U5ED IN THE VARIABLE 
CC'1NV(JLU TION (L f.ld.>t:ND:i nN TOL AND f'lJN), 

t1I N • L::; 2 0 ~ N D MAX • {,:.: 1 9 .3 • • Y.l l I C H C 0 U L 0 
OCCUR H' 'I'OL IS Vf:KY SMALL AND/OR fUN NO'I' DECREASING 
VF.P.Y fAST,,. 

1 Is N~CEssARY 1ST TIME OR BRAND ~EW X, 
0 r Cl R A TJ L S U H S 1:: 0 ll EN r C A 1.!. 5 W H ~ R E X~ ( LA 8 T X ) • 0 • 2 0 

IS ASSUMED INT f.RN ALl• Y 8Y THIS ROUTINE 1 

NOTll If THI6 IS NOT TRU~, ROUTIN~ WILL 



1435 
1 ~ 36 
1431 
1439 
1439 
! 440 
1-141 
1442 
1 ·~ 4) 
! •h 4. 
l ~· ~ 5 
~ t, 4 6 
! 4 ~7 

l ·• .1\ 8 
1 -1 49 
1 C:·50 
l4 S l 
1 ~ !'!2 

' ·~ 53 
1 ~ 54 
1 ~ '5 5 

0'\ l ·~ 56 
l.r1 i r.l 5 7 

1 1\ 51J 
1 .'i !i9 
14 6 0 
1 ·~ 6 t 
1 .. i 6 2 
1~6) 

i46 4 
146S 
1 1\ I) b 

1467 
14 oR 
1.;69 
}.4'10 
1411 
1·'\ 7 2 
147! 
147' 
l H5 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

STILL ASSUME X•CLAST X)•0,20 ANYWAY,,, 
IT IS THE USERS RESPONSIBILITY TO NORMALIZ! 
BY COR~rCT e~~XP(X) OU TS!O£ or CALL (S~E U3lG! B!LOW) 1 

TH~ LAGGtD CONVOLUTIO N ~ ~ THOD PICKS UP SIGNIYICANT 
TIM~ l~PROV~MENT S rl~[N THE K!PN~L 18 NOT A 
SIMPLE ~L~MENIAR~ F U UC T ION,~,DUE TO INtERNALLY SAVING 
ALL ~E:RNI: . L fUN CTION EVAI .• UA'l.'IONS WH£N NEW=l, 11 

TH E N vlHEN N!Wc 0, ALl· P RE V 1 OUSL'! C hLCtlLATED 
K e: r:l ~ E L 5 W I L L e E ll S !:: D I N 'f H E LA c.; G ~ D C 0 NV 0 L U T 1 0 N 
lr. H P.: R f. P n 5 S l B 1, a; , 0 N IJ Y !t D 0 I N G NE W KERN t L F.: V ~ lJ U AT l 0 N 8 
WHEN NltDED CD ~ P E NDS ON PARHS TUL AND FUN) 

C••TH! ~[SULTINC ~E~L cnNVOLUTIO N SUM 15 GIVEN IN RLAGHO' TH~ HANKEL 
C TRANSFORM IS THEN RLAGHO/ B WHICk IS 10 HE COMPUTEO AFTEP EXIT f~OM 
C TH I~ ~OUTI~E·,,,, WHtRE: B& EX P (X)~ J(c AF< GtHlf NT US~D IN CALL, t a 

c 
C .,. • U tU G!: • • " R LAG H CJ " 1 S C A L L E: D A 5 F 0 1, ~ 0 Iii S 1 
c • · •• 
C t::XTERtJl\!, Rf 
c 
c 
c 
c 
c 
c 
c 

••• n = H LAG H 0 ( A L 0 G C V ) , R f, T 0 L , L , I~ l!: W ) /8 
••• 
f:NO 
REAL fUNCTION Rr(G) 
,.,USlR SUPPLIED COO~''' 
I!;~JI) 

c 
C~~>•NOTESi 
C (l), tXP•UND~Rrtowis MAY OCCUR IN EXECUTING ~H! SUBPROGRAM 
C Br.LOWr HOWEVER, THIS X! Of<: P~0V!OEO T~!: MACHINE SYSTEM SET8 
C AN~ ~ ~LL EXP•UNO~RfLOWIS TO 0 1 0, 1 ,, 

C (2), AS A ~ AID TO UN OER~1AN OI NG & USING THE LAGGZD CONVOLUTION 
C MSJ' IIOO, Lf.: T Bl-l AX>::HtH N>O Btr: Si VF.f\ , THEN IT CAN BE SHOWN 
C THAT THE ACTUAL ~ UM D!R Of 8 1 8 15 NB= AINT(5,*ALOG(BM AX/~MIN))+1, 
C PROV 1 OED BMft X I BH! U>= 1, TH r: USER 1--~ ~ "t THF.:N ASSUME AN "ADJUSTED" 
C ~H! HA~8 HAXW F XP(•a2 * ( N U~t)) , t HE ME THOD GENERATES THt OECRgASING 
C ARG!I MEN T:-1 S p A C~D AS xaAz,uG( u MI~ X ), X •,2,X•,2*2,,,,,ALQG(BMlNA)e 

C r {) R E X AMP 1.~ E , fl N E HAY C 0 NT R U L l H .t S W l '1' H T H 1!: C 0 0 f.: a 
c ••• 
C N ~ DA1NTC5.•ALOGCB MA X/8M!N))+1 
c NB1R N8+1 



0\ 
0\ 

1476 
1477 
1418 
11279 
14~0 
14~1 
14.02 
l4A) 
l4A4 
1<10S 
14R5 
l~R1 
14.8A 
14.89 
1490 
1191 
14l.92 
14?1 
11\94 
11\95 
'-"96 
1~97 
14\98 
14QQ 
1r.oo 
1.';01 
1"102 
1 ~ 03 
1504 
t~os 
1 ~ 0(, 

~. ~ 0 7 
1~0~ 
1c;OQ 
1!i10 
11\11 
Pi 12 
1513 
1~14 
1~15 

1'H6 

t 
c 
c 
c 
c 
c 
c 
e 
c 
c 
c 
c 
r. 
c 
c 
c 
c 

1 

XOtALOG(BMAX) ·•, 2 
NEWpl 
00 ! ftPJS,1, .. 1 
XcX0•,2*(NB1•I) 
ARG(t)•P.:XP(X) 
ANSCI)zRLAGHO(X,Rr,TOL,L,N!W)IARG(I) 
NEW~O .. ' . 

(l), IF PESULTS ARE STORED IN A~RAYS ARG(I)rAU8CI) 1 I•1,NB roR 
ARG IN CnMINA,BMAX), THEN THESE AR~AYS MAY BE USED, fOR EXAMPLE, 
TO SPLlNE~lNT~RPOJ,ATf AT A DIFFERE NT (LARGER OR SMALLER) 
SPACING THAN tJS~O IN THE LAGGED fONVOLUTtON METHOD, 
(4), IF A Dlff~R~NT RANGE or 8 IS DESIRED, THEN ON! MAY 
ALWAYS R~5TAHT THE ABOVE PAGCEDIIME IN (2) WITH A NEW 
~MAX,BMIN ANU BY SETTING ~~W=1,,,, 

C••JO•EXTENDI::D F !l .. TEH w~:IGHT AHRA YS t 
C NOT!I ~BSCTSSA CORRESPONDING TO W~lGHT IS G~NERATEO 
C TO SAV~ STORAG~, 

D T MEN·" I'n H 'f T ( 1 9 ] ) , Y 1 ( 7 6 ) , Y 2 ( 7 6 ) , Y l C 4 1 ) 
EauiVALENCE CYTC1),Y1Cl)),(YT(77),y2(!)),(YT(15l),y](1)) 

OATA Y11 
t ~.8~~S72H.:•Oe, 
2•9,9007811~ ... 1!, 
3. 1 • 0 ~ q 3 4 7 tH;. 1 0 , 
4.1,Jt06~42S•10, 
5~1,53153RtE•10, 
t-.1.685037A~·1o, 
? .. 1,.F- 043751JE•10, 
e.n. 9q ·16(1Qt:,s·t t, 
9 t.J7?271n E•lO, 
t 7,0795~1;l?f~ ·10, 
2 1.,0904tt'.25f:O•OQ 1 
) 5,293078~ F: •OtJ, 
4 1,2577400E•09 1 
5 2, 9 9 £' 3 Q 5 H~ • 0 B 1 
6 6,5740t36E•OR, 
., 1,47e-446t~ .. 0'7, 
8 3,1094719~·07, 
9 7,3991A02E•07, 

7,1t43477E•11,•7,8395565E•11, 
9,A790055E•11,•~,8~75347E•11, 
1.2S4)400E•10,•! 1 1979399E•10, 
1,615l729E·10,~1,423~60?F.•10, 
2,t,t97S5E•10,•1,~238215E•10, 
2,92~3At3F.•10,•~. n 90~lO?E•10, 
4,241l092E•!0,•1 1 3~90~0tE•10, 
6-~1A~2106· ~0, •6,t9E~ 0 3JE•12, 
1,1219600E~09, l,5S~1442E•10, 

2,on00379F--09, t,7~~s947~·o9, 
4,0409JOlF.•n9, J,~~12986E•09 1 
9,31o433AF.:•09, B,?.07.tROQE•09 1 
t,76hn~03E•Oij, 1,9143895~-oa, 
l,~ib885tE~oe, 4,3712685Ew09, 
8,3Bb42ABE~o~, 9,86~2323~•08 1 
1,8501914E~07, 1,21l919RE•07, 
4,0974828~~07 1 4,9~6,R6RE•07, 
9,0939667E•07, 1,10l471.7E•06, 

8,7489547!:"11, 
1,1t18797E•10, 
1,4200767!:•10, 
1,8486236!!•10, 
2,4R24144!:•~0, 
3,4934366F.:•l0, 
S,2 ·15~4.4.0E•10, 

e.s27E'15tE•1o, 
J ,5061Q56E•09, 
2,B64ftf;23f.•09, 
5,7~877ooe:~o9, 
1 1 20R363SE•08, 
2,595301 1E•08, 
5,6590075e:•08, 
1,24488tU:•07, 
2,7524203F.•07, 
6,t0l0809P:•07, 
1,355460QE•06, 



!51'7 
1!!18 
1 !'.19 
1 ~. 20 
1 ~. 'lt 
1 .,, ?, '-

1~2} 

1~].~ 

1'5?.~ 
1~?.6 
11!\~1 
1~?.(1 

~S~9 
1 1) 3, 
l"\11 
1 ~<~ '-
1'S3l 
i ~. 3 ( 
~ !'~~ 
1~](, 

1~37 
0'\ ~ •; 'P. 
-.....1 p)Jq 

1!140 
i ':' 4 t 
15 42 
154) 
1 ~54 4 
11)45 
154~ 
1!\1\7 
1~18 

'· c; 4Q 
1"50 
!'\'H 

'· 552 
1551 
1.'554 
15~~ 
1~'5~ 
~~~ 57 

1 1,6474556E•06, 2.0~07696!•06, 2e4591294E•06, )~01J!400t•06/ 
DAT~ Y21 

1 3,6701~80f.P0~1 4,4934101£•06, 5,477007~!·06, 6,7015208£•06, 
2 ~.17269B9E•06, 9~9Q~4201EftOG, 1,2194425~•05, 1~4909101~•05, 
3 1,R29418~~-o~, 2.~239194~-os, 2,714s562g•o5, 3,3174oeR~·05, 
4 4,0499~5!~-o~, 4,94B67~or.~os, ~,~~2t44~F.·o,, 7.~~~2oot~-o~, 
~ 9,0J4t?O,E•O~, 1 1 10t25~2E•04, 1,J44nnt7~•04, 1,~4?e337E•04, 
6 2,00~2570F.•Od, 2,4S07~S0~·04, ~,99303h~~·04, 3,~5605~7.F.•04, 
1 4.46~1421f•04, 5.4S41~00~h04, 6,~f1?fi4~E•04 1 8,t3651A1~·04, 
8 9.~1747S6f•04, 1,2139310~•03, 1,4N~ ~ 945~•01, 1,A2076~7(•03, 
9 2,2,15938~~03~ 2,7012~75~~0~, ],2 9 91~69~•03, 4~02959t7E~O), 
1 4.~?14?44~NO~, 6,010~700~~03, 7,)40 5 ~29 E •O~, 8,95t3708~e0l, 
2 t~094~ll0~•0?, 1,116~017~~0~, t,~~149B5E•02, 1,Q9J~907~·0,, 
l ~.t?a9~~~B~~?, 2,9ht2 f 9~~~ o ]~ J,~ n 7 o 102E·o~, 4,JR76Q36~~o2, 
• 5.3264P29~•0?, 6,~4~50QlE•02, 7,7 6 h1l44E•02, 9,2910l24g"ol, 
S t~J0001~l f •O!, l,2~11102F~Ol, 1,4 ~ ~3025[•01, 1,5~322~8~·01, 
6 1,~0492~1E•01~ 1,4t70064~·0l, P.~78P10~~~o2,~1,t330934~•02, 
7~1,5JJ18~4fwOs,•2r9094610E"Ol, ~ 2,~ 0n~ ~~~~·OJ,•2 1 97089J4E•02, 
A 3,900Q~01E•O!, 1,799Y7B5t"OJ,~O,! ~ ~ A139~·~t, 1,5Jt72t~~·01, 
Q 6.~184Q5)f•02,•1a07~lB06~~ u 1, 7.n ~ ?Q~67E• 0 2,•4,6019124~·0~, 
1 2.~J09~7J~a0,,•1 1 3904q2JE•O?, 7 ,Rt 0 7120E•Ol,•4,~190)59E~Oll 
DA7~ Y3/ 

! 2"612~0b2t•03,•1,607171RE•03, 9,7715S22~•04,•5 1 9804407E•04, 
2 l.~749~2nE•04 1 •2 1 263529~E"04, l,lGh 0 ~05E~04,•8,617261SE•05, 
l 5,J212947~~os,w3,2R~,eaa~~o s , 2,0 J0 4l03~~os,•t,,543Q2~~-o5, 
~ 7.1499633f•0~,•4,7~R~4~0[•0 G , 7,9~ n 410RE~o6,•1,8278b45~•06, 
5 t,J293S7t~-o~,·6~977~t?4~~o7. 4, J l130l9~·07,·2.~637753~~o7, 
~ 1,~4~A371E•07,•l,016R9~4 ~ ·07, 6, 1~? n 9 07~•0A,•3,~RJ9969E•08, 
7 ~,198~'72~ ~ o~,•1,4AlQ570f. · 0~ , ~ .\ ~ 6 ~77t~•OQ,•5~657~541E•OQ, 
Q 3.4Q~4~14E~Oo,•2,1~97005E•C~, l a134 ~ 04~~· 0 9 1 •R,244714BE•1~, 
9 !~n~4t0'3~~1n,~J,1474b11E~t o , ! eQ~ A7 07?~•10 1 at,2015685~•10, 
l 7,4)4~05 5 E•1t,~4,S&7146RE•l1, l,93 4 3 0 9~E•1t,~1,75131J7E•11, 
' ~.9049611~·12/ 

C••sst.~DATA 
c 

0 :UI EN 5 I 0 N p( r, 'i (1 9) ) , B A VB: ( 1 9 3 ) 
lf'(Nf.W) 10,30.10 

10 J,AG~•l 

xo~-x~26,l04SS704 
no 20 n~~:1, !93 

20 KEYClR)~O 



15!8 )0 LAG•LAG+l 
1559 RLAGHO•O.O 
1!560 CMAXtO,O 
1!\61 r_,:O 
1562 ASSIGN 110 TO M 
1!'6:1 1•129 
1 !> ~4 GO TCl 200 
156 !\ 110 C MA X=AM~XlC&BS(C),CMAX) 
! ~ t>6 1=1•1 
1 ~ f)7 IFcr.t ,E.11 146' GO TO 200 
t~e . ~A tVCC~AX.!O.O,O) GO TO 150 
~I~ 69 CMA X~!::'rDL~C 1-i a X 
s ~. 7 0 A~BIGfV 120 TO M 
1 ~ 7 t r:t?.B 
1~71. GO TO 200 
1 '3 71 120 IYCABS(C,,L~ 1 CMAX) GO TO llO 
1 r:; 7 4 Jci•! 
1 ~· 7 5 IF(f,GT.O) GO TO '-00 
1-;76 1)0 ASSIGN 140 TO M 
t t; 7 7 t~t4'1 
1 ~) 7 8 f." TC1 200 

0"1 10:. 7Q 140 1FCABS(C),L~ 1 CMAX) GO TO 190 co 
1 ~' ~ 0 J::I.,.l 
p; ~t !F(I,tE~t9l) GO TO 200 
1 '5 ~ 2 GO '1'0 190 
1!1i 8) 150 ~~oiGPJ 160 TO M 
1'1~4 Jst 
~~~! GO TO 200 
1 ~·I) 6 160 trcc,r.o,o,o, Go TO 170 
1 '1 137 1=1+1 
1 ~; ~ ~ !f(l,Lf.,J~a, GO TO 200 
1S99 1'10 A~SIG N lRO '1'0 ~ 
Hi 90 J::~93 
1 ~ 91 CO TO 200 
1 ~1 C)2 190 Ir(C,~OtO,O) GO TO 190 
1~QJ 1=1•1 
~~94 IF(X,GE,147) GO TO 200 
1 !;. 9~ 190 R F: ftlfl~ 
l~Q6 C••STO~~/ ~f. TR IEVE ROUTIN~ (DON! INT~RNALLY TO 8AVE CALLfS) 
1'5Q7 200 t ~ noP<.c I+ t.AG 
1'59~ 1 o :t r~ on K 11 9 4 



0'\ 
1..0 

1~99 
1600 
1~01 
t~02 
'-~03 
1~04 
1'.\05 
1~06 
16 07 
1~08 
1 f; !) 9 
!f-10 

210 

220 

IR•MOO(L00!<,194) 
lF(tR,F.:Q.O) IR•1 
I~Ot~Lni0•19l 
l!'(I<EYCJR) .r.E,t~Ott.) Go TO 220 
C:~AV~(IR)ttYT(l) 

p. L -.G~t 0 =RLA GH 0 +C 
p:t+1 
Gn rn M,Ct1o,t2o,t40,l60,190) 
~ E Y ( J P ) z I R 0 t. t, + I R 
S~~E(IR,=fUN(EXP(XO+rLOATCL00!<)•,20)) 
en 'r'O 2~0 

F.NC 



l:Ht 
1612 
161) 
1f.14 
Hi15 
161~ 

1~!7 
lfd 8 
1619 
16?.0 
H'2t 
1 ~~2, 
'· /fl2 ) 
·' 6 2 4 
:1 ~25 
11'1?.€1 
H i7. 7 
1~7.a 
1629 
HdO 
l~31 

-......J 1nl2 
0 1~)) 

1 ~d4 
1 6 )45 
ifd6 
Hd7 
163~ 
1~39 
1!\4() 
1641 
1~4~ 
\ Fi ~J 

lf:4~ 
1~1\5 
1f, HI 
!. ~ i 41 
u;~e 

~fi49 
t ti 50 

R~AL ,UNCTION ~LAGHlCX,rUN,TOL,L,N~W) 
C•~••• A SP~Cl~L t~GG~O• CONVOLUTION NETHOD TO COMPUTE T~~ 
C tNTEGR~L fRO~ 0 TO INFINITY OF "FU~(G)*Ji(G*B)*OG" DEFIN~D AS THE 
C REAL HANKEL T~AN~fORM or ORDER 1 AND ~RGtJM~NT XCcALOG(A)) 
C BY convntUTinN fiLTERING WIT~ R~AL FllNCTTO, ~fUN~·•ANO 
C USING A VnRIASLE CUT•orr ~~1HOD WITH EXTENOED fiLTER TAILS,,,, 
c 
C•~Ry W,I,~ANOERSON, U,3,G!OLOGICAL SU~VEX, DENVER, COLORA00 1 
c 
C••PARAMET~RSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

fUNCG)u 

TOL• 

L• 

·• N~War .. 

• R~: rqJ AIHitJMENT ( •At,or; (LO ~T CALL) or THE HANt<l:L TRANBrORM 
" I'IJ A G H 1 " IS U li!: f U L G ~ t, Y W t1 f U X • (LAST X ) • , 2 (J * * * I , E 1 , 

SPACP.:D SAME. AS e I Vt'E~ R tH.iEI>•• I r TI·H S I 5 NOT CnNVEN IEN1', 
TH~~ SURPROGR~M ~RHANKt" YS ADVIS ED fOR G~NrRAL USE, 
c At. ~ o s ~: ~~ P A R M ' N r.: rl ' s. No '1' ~ : s c 2 > ... c 1 > a r: tJ c w > • 

t:XTF.:H N AI · nF:Ct·A R~D Rf: ~- L fUNC',' I 0N N T\HE C liSgR StrPPL lEO), 
NOT~I If PARMS OTH~A TH'N G ~~~ RgQUI R~D, USE COMMON IN 

C A l1 t, t ~ G P R 0 G R A H /1, N D IN S I J P- P fH:l G B A t1 fUN , 
THE R f'.: A l1 F IJ N C T I 0 N f IJ N .S H 0 tJ L D 13 f. A. ~~ 0 N 0 T 0 N 1!: 
D f. C R E A S l N G P't 1 !'J C 'i.' t 0 N A S T 1 W A R G t11_.1:. N T G B p; C 0 ~~ E S LARGE , , 1 
RII:A[, TOT , r: RAt~CF.: ~; X ('C Prt~ D 7\T CONVOLVf.D TAtLS••I ,e;,, 
Ir f'ILTF.:R*FU N < 'fl rJ L ~ ~: AX, THl': N REST Of TAlL 15 TRU~CATE0 1 
T H ! 5 Vi D 0 N g A 't' H n T ti F. : ~~ \' .S 0 P' f' IT /T E R , T Y P I C ALLY , 
Tr:'II~ <= ,0001 IS Uf~ 1 JJ\l,T . Y OI<••BU't' THIS DEPENDS ON 
T!·H·: p· 11 i'.JCT T 0 N rLIH A:-..' I) Pi\ f..!,~ ~l F: TEP. X •,, Hi GENF:.RAL, 

A " 5 ,_, A r, L F. R r o L " w n . T, u so fit . L v Q r. s i1 r., T 1 N " M o ~ E AccuRAcy " 
f:\UT \<liTH "MO~~ 'fo!t.! rj}-ff.'i" ~~b iNG U5ED, TO!; IS NOT· DIRECTLY 
R E L A T f.() T n 't' R llll C A T J 0 N F.:fUI n R , BUT G E P-H; R Jl. r., L Y 5 E: R V E: S A 3 A N 
A P P R li X I M A T 1 n N ! N [) I ( ~ 'r f1 R , , , r 0 R. V t: ~~ Y L A. I-< G E 0 R ~ t·l ,~ L L 8 , 
Or-IF. SHrJIJ !.1D USF; A S•-:.1\rJ L~R 'T'( tt, THAN RECOt.-IME:NDF.:D ABOVE,,, 

R~SU~Tl~G Nn, fi LT~ H wrs . U~CD IN THE VARI~BLE 
CnNVOT,l.J1'ION (TJ f'l r·. P~Ntl!i Cll-1 'l'OL ANO f'ON), 

MIN,L=l~ ~NO MAX.t.. :.·,:Je•"'hH !CH COtllrD 
OCCttR tr TOt, .!3 Vf.I'~Y C.ri~ I,L AND/OR rUN NOT OP.:CRr.ASING 
Yi!:RY f',\$1",,, 

1 lS N~~E~SARY 1ST TlH~ OR BRAND NEW X, 
0 fOR .~t , L .SUBSUHWN'r CAt , L -~ WHF.:RE X:(LAST X)•Oe20 

1~ AtiSUMtD INTE RN ~LT , y BY THIS FWtJTINE, 
N~TEI IF THIS IS NnT T~U~, ROUTIN E WILL 



1651 
1~52 
1fl5] 
1 ' ·5 ~ 
165!S 
1~56 
tA:;? 
1 ,;s ~ 
1h '5Q 
! f . bO 

1 ,: . ~ 1 
11'J 62 
1 r," 3 
1 "-64 
1 1? 6~ 

16 66 
1(.f, 7 
11,6 8 
l. t~. (; 9 
'.{; 70 
~ f, "! 1 

'-1 1h72 
1---J lt-; 71 

! (., 74 
1!1 15 
11'\1~ 
1 F, 71 
1f.l78 
1"79 
1 6 ~0 
1 l'1 A 1 
\6fl2 
1 ,:J H l 
1!.~4 

1fi95 
1 ~ H6 
16R7 
1. 68 B 
1f189 
1690 
J./;91 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

5TltL ASSUMt X•(LAST X)•0,20 ANYWAY~,, 
IT IS TH~ USER~ RESPONSIBILITY TO NORMALIZE 
By CORR~CT BPEXP(X) OUTSIDE or CALL CSE! USAGE BELOW)~ 

THI!: L~GG~:O CONVOLliTIOtl METHOD PICKS t1P SICNtriCANT 
TIME IMPROV~MENTS WHEN THE K~RNEL 15 NOT A 
SIMPLE r.LE :>! P:NTARY f!JNC 'l'ln.N,.,OUF. TO INT!;RP'{ALLY SAVING· 
AJ1L Kr.RNP.:t1 fUNCTlO ~I f,VAJ,tJA.TIONS WHn~ Nc;W=i,, t 

THio;N WHEN N!:W:cO, ALl1 VI<EVlOtrSLY CALCULATI::[) 
J<~R'JF:LS Wlf1tl Bf< lts ;:: r, !N Tilt LAGGED CONVOLUTION 
W ~ F.: R E P 0 S S IlH• p; , Cl N L Y A [l ll l N G NEW K ERN F. L [VA l1 ll AT 1 0 N I 
W!11!:~ rH : ~~f)f.D ( OE~Pf: J,J I)S ON ['ARMS TOL ANO fUN) 

C••TH! ~!:StiLTING R~U, CONVOI,liTICtN S!I H i· ~; {J tVEr~ IN RtJAGH1 J THE.: HANKEL 
C TRAN~FORM IS THE~r PIJAGH1/8 wHIC P J S 't ~l r.f. C0 ~1PUTED A~'TER EXIT FROM 
C THIS nOU'tiNE ·.,,~ 1-.~l::nE: R~:E)(P(X), x~~.P.G!I.,I ENT USED IN CALL,,, 
c 
C••USAG!:•• "PLAGH1~ IS CALL~D A5 f0LLO W5 r 
t: 
c 
c 
c 
c 
c 
c 
c 
c 

.. ' 
EXTERNAL Rf 
••• 
~=RL~GHt(ALnG(B),Rf,TOL-L,~EW)/8 

••• 
tND 
RFAL rUNCTION Rr(G) 
••• us~R 5UPPuttn cant,,, 
!NO 

c 
C••NOTP.:Si 
C C 1), EXP"tJNDP:RF'l,OW t S MAY OCCUR lN EX!:CUTINC TH! SUBPROGRAM 
C K~LOWf HO~EVER, THIS IS OK PROVIOgc TH~ MACHINE SYSTEM SETS 
C ~. ~JY' AT ,L fo~XP•UNt>P:l{f'LOWIS TO 0 1 (;,.., 

C (2). AS AN AID 10 UNOERf,TA NDTNG ~ USING THE LAGG!D CONVOLUTION 
C ~t'rHOO, LP.:f 8MAX,:RMIN>O RP.: G!Vf.fl, TH~N lT CAN BE SHOWN 
C 1' H ~ T THE ~ C T U A L N IT M S r: ~ 0 p-· R t S I S N P. ~A I NT ( 5 , *A L 0 G ( B MAX /8 M I N )) + 1 1 

C PPOVIn~n BMAX/UMtN>uto THE USE~ MAY THEN ASSUME AN ~ADJUSTED" 
C BM J"IA:tH MA X •rX PC...: • 7. * ( Ni3""1 n • TH!: H"F. THOD Gr:NF.HATES THE DECREAS INC 
C A R G l1 M ~ ~ J1' S 5 r A C" CD AS X :2 A L n G ( ft t~ b. X ) • Y • • 2 , X" , 2 * 2 , " t 1 A L 0 G ( B M IN A ) , 
C roR EXAMPTJE, DNE MA 'i COHTRO J., '!' H! ~-; "'ITH THE COOt: I 
c • t. 
C N~=~I N T(5,•ALOG(BMAX / D ~tN ))+1 
C NB1•N8+1 



169:Z 
169] 
1~?4 
~f\9~ 
1~96 

t6Q7 
1f;98 
1 ~. 99 
1700 
17\H 
1"02 
1703 
t'104 
1 r o~ 
17 Of\ 
1707 
170A 
~ 'J C9 
l710 
1711 
l71'-

-......! 1, 1 J 
N 1 7 11\ 

~ '/15 
1716 
~ ., 1 '1 
1718 
~7~9 
~ 'II. r:t 
1 7 2 t 
~ . .., 2 2 
1 "i 2 3 
~ 7 ?.4 

! ' ~~ 5 
~. '12 6 
~. '7 ').1 

1 '? ?.A 
172Q 
1730 
1731 
173'-

c 
c 
c 
c 
c 
c 
c ,. 
.... 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 

XO=ALOG(BMAX)+,2 
NEW•l 
DO l l1SN8,l,•1 
X=X0•,2•CNB1•l) 
ARG (I) =P:XP OD 
ANS~I,•R LAGHlCX,RF,TOL,t,NtW)/ARG(l) 
NEW::aO 
I I II 

(3)~ Ir RE5 : J t T~ ~~~ 5TORED IN AR~AYS A~G(I),ANS(I),l•S,N8 roR 
A~G IN CRMINA•B~\AX), THEN THESE AP.~ AYS MAY BE USED, roR EXAMPL!1 
Tn SPL!NE•INT ~ RP~LAT~ AT - D! ~F E REN T C~ARGEH OR SHALL~R) 
SPACING THA~ tJS ~ D IN TH~ LA GGE D CO~ VDLUTlON METHOn, 
C4), IF A niFFr.R~NT RANG E Of 8 I S DESIR~ ~ , THEN ONE MAY 
ALWAYS R~STARt TH E Aa nyg PR£1CF. DU RE I N (2) WITH A NEW 
R M AX,8~IN ANn HY S~lTI N G U ~ W :t,,,, 

C ••J 1•tX1'P:NDED r IlrTFO:R ~11UGHT ~RRA Y S C 
C ~OTEI A~SCISSA CnRR~SPONDlNG TO WE IGHT lS GENERATgo 
C TO 8AVF.: STORAGE, 

Ot MEN~lO N WT(2l6),W1(7~),W2(76), H 3(76) 1 W4(8) 
EOI.IIVALF.NCE (WT(t),W1(1)),{Wt(77),W2(1)),(\iT(15l),W)(l)), 

1 (W7(229),W~(t)) 
OA1'A W1/ 

t .. e.esf.I3R05E"'1o, 
2·l,322JQ09F.:•09, 
J-1.4427475~·09, 
4·1, 4 "/ J~ f- o.;F: ... o q, 
5w1,5t02h1?~•09, 

6ft?.,04127SJ E• OqJ 
7.4,09~ 0 1.7(. F: • O ?, 
8~~.7~1~7 01[ ·0~, 
q.~.41~67. 9 7F.•OB, 
t • 6 1 0 t1 5 1 1 1 M·: • 0 q 1 

2•1,4 t; 1A9 <:! "1 E•07, 
).l. fi~ ~- '5 'l9 ~1': .. 07, 
4•B,Q~OI R 1A r. •01 1 
5·'-.1069~9q~-o~, 
6•4,5059Q5SE·O~, 
'7 .. 8,2010fi1~F:,..Of\, 
A•3,99150,5 r. •Of. , 

1 1 129181l!•09,•1,2050S72E•09, 
1,J641.393Y.-09,•1,39~94J?~·09, 
1,45B0~92E~ o9 ,•1,4 ~ 02563E•09, 
1,4719S70E•Oq,•1 1 47210Qtf.•09, 
1 1 5667752 ~~ov ,•1,6 A 345/2g•o9, 
2,35 9 ~7. ~ or. ~c9 ,·2 ~ 7 ~l. , 0 77€•09, 
5. 0 ~ 1 l0! 5E • 0 9,• 6 ,2 60d t09E• O q, 
1,2 2 676l9 ~ - n~ ,.t, g1! 2389 ~ ·09, 
l, 0~ 76 8 ~ 9 ~~0 R 1 cJ 1 8Uh0 2 0 4~·0R 1 
7, 6 7 ~ 7475F.- O P ,~ ? . ~ 7 009 9 3E • O R 1 
J,939~737E• 0 7,•1 1 3~~ 479~E•07 1 
4,941 3 A OOE • 0 7,• S ,7 5~ ~ 16R~•07, 

1 1 2794'-92E· O ~,•t,J ~ ! 146 q~•06, 
],4t03t8ar.- o ~,• 3 .t ~ n A46Jt•06, 
9.~~61~72~·06,•~t1! 4 ? 8 5~£M06, 
2,A945217E·0~,•8 1 61 4. 946~F;•O~, 
9,727)612!• 0 ~, 1,S?.2 0 520E•O~, 

s'1 26962J2E•09, 
1,42259~1F.•09, 
1,41321'79~·09, 
1 1 ~8?.8225P.:oe09, 
1,8!72900E•09, 
l,3~92971F:•09, 
'7,82 ~ 94fi1F:•09, 
1,93399?.4 1': •08, 
4.84~ .3731 P: •08, 
l,~t9].Cl~4 E ot07 1 
3 1 091J11.7 E•0'7, 
7.9l 015 29F: •07, 
~.07 0 96(d3f:•06, 
5,66 .39 045 g •06, 
!.6440205 1': •05, 
5,23t7398 E•05 1 
1,8fi14373F:•04, 



1733 
1'114 
1735 
,1~6 

1737 
173R 
1'1'39 
1 '7 40 
1 '7 41 
174:: 
1 ., 4 J 
l 7•\ 4 
! .! 4~ 
17 4. ~ 
1 'f ci 7 
114B 
1i49 
17 5 () 
1 7 51 
1 "? 52 
l 7!;) 

-......! 17S4 w 
1 ;· 55 
1756 
17~7 
1 ·15 B 
1'159 
1760 
17F-.1 
1 · ~ 6 2 
1 '1 6l 
176o4 
!'1A5 
17~6 
17 6 7 
176B 
J. 169 
1 '7 7 1) 
1 ., 71 
1772 
1 ., 7) 

9 1,2023760£•0~, )~6620099E•04, 2 1 2062958!•04, 7 1 )874539£•04, 
t S~8623480E~o•, 1,!226779!•03, 1 1 45]H718E•03, 3 1 19)0)65~•03/ 

DATA W'}/ 
1 !,4~4~R6~~·oj, 6~7790ij~2En03, 9,032p420~•0l, 1,4484339E•02, 
2 l,~201J1~f.•01., 3,0A~6143E~02, A,010~~49E•02, 6 1 4527B72E•02, 
3 A,4'-9~~26Y.•01., 1 1 277317~E•01, t,60/0907E•Ol, 2,194R043F.•01, 
4 2,~63630SE•O,, 2,~89~051!•01, 1,, 5 Pf300E•01,•5,106n445E~02, 
5.),4l75?22~•01,•2,904~175E•01, 1,15~ 4 736E•01, 4,92~J231E•Ol, 
6.4,~748595~•01, 1,52809~~S•01, J,3~4~~41E•02,•8,2485252~•02, 
7 1,97406JOf.ao'-,•6,6934498F.•0?. 1 ~.~J ~ n~bSF.~02,•4,5A6B71.1E•02, 
~ ],R6S1Q5P~·0,,•3,1Q)SB14~~o~, 2,~J0~994E•0] 1 •2,4475127~•02, 
9 '}. • ! "l S 9 ~ ~ ~ p; .. 0 ?. , • 1 • 8 ~ ?. fl 2 1 P. ~ • () .?. 1 1 , "' 1 fc / o 3 7 E • 0 ') 1 • 1 , 4 1 5 B 1 01 ~ .. 0 2 , 
1 1 , 2 .:+ o 1: ?. 2 :; -e • o 7. , • 1 • o s:~7 3 5 2 f1 F. oo o 2 , ") • ') ·1 <~ 7 n 1 ~ r: • o 3 , • R , 3 7 -; 3 7 4 J 1!: • o 3 , 
2 1,J50b490~•0J,~6,455S13b~u O J, ~.~ h~f 335~•0l 1 •4,9803353E•03, 
l 4,375221J~·OJ,•3,8~JA70lF.~o3, 1,,77?0~l~·OJ,•2,9~72ij7?~~ol, 
~ 2,~o71B71~·o,,-2,290~274F.~o 3 , 2 1 0l7~794€•03,•1,7686706~·03, 
S 1,554099AE•0,,•1,3~5Sb6b!•Ol, t,1 9990 89E•03,•l,054~497E•03, 
6 9,1~~197l[~ 0 4,•8,14 0 ~5Q3E·O~, 7 1 ,~ 1 t55?E•04 1 •h 1 2~54459E•04 1 
7 ~.522995~~·04 1 •4,85303~~~-04, ~.2~41446E•04,•3,7470~5UE•04, 
~ 3,292~1~4~·04,•2,8QJt382~~o~, ?,5 4~ l~10E•04,·~.2338l47~•04, 
9 ,,9h286~S S •O~,•l,7?47455~~U4, ), 515~ 278E•04,•1 1 3316A89~·04, 
1 1,t70t~02E•04,•1,028~066E• 0 4, 9,0J1 R135E•0 5 1 •7 1 9388S6RE•05/ 

PATA 113/ 
1 6,975B4J~~-o~,·6.l29~474~·05, 
2 4qt5064J5~• 0 5,u3,6541840E~0 5 1 
l 2.479171~~-o~,n2,1784Jqo~~ o~ , 
4 1,4719~7RE• O ~,•t,29867 65 ~·05 1 
~ 8,R)0B4 9 9~•06,•7,74206JOE• O~ , 
& s.~~?5B9?~-o~,-~.6154J~S ~ · ut , 

1 l.13t3~35r.·o~.·2.75t19J !~ Po6, 
~ l,R6673~2~•0b,•1,64028S9E~Oo, 
9 1 • ~ 1 2 ~ 2 2 o ~ : ., o 6 , • 1 , 11 A t 9 o B r: ... o 7 , 
t 6,53350b0f.•Oi,•5,Rilif"'11 3f..,.07, 
2 3,Q5~7334f.•07,n),~738nA9 F.• 07, 
) 2,15hl~l1~•07,~7.n701397~~07, 
4 1,40l896~~-o7,•J.2~33746 R •07, 
5 s.~~t3tY4~~ ok ,•7,344J4t1~~0~, 
6 4,9740~2~f.80a,.~,3 6n ~~72F.•OP., 
7 ,,Q472 R3 h f ~OP,•2,~~1Q4)9~ ~oo , 

8 l,722315Q E • 0 R,•1,4Q A 78 69~~0~ 

9 J,67237l9 ~ • 0 9 1 •8 1 27~4J92~·0 9 1 

5,J H ~097Pf.•05 1 •4 1 7l27~3hE•05, 
3 1 21 0 9174E• 0 ~,·~,8214208£•05, 
1,9141864g•05 1 •J,6B1988RF.•05, 
1,t~ , ,42~~·05,•1,00~7t82~·0~, 
6 1 R0~Q235E•06 1 •5,97770~3E"O~, 
4, 0b ~~653f.•U6 1 •3,56361t~r.•06, 
2a417773~~~ o ~,·2.1£44417E•06, 
1,~ ~ t3 0 51E•06,•1,2664597E•06, 
R 1 ~ 9190 2RE•~7,•7,~494970E~07, 
~.2?1~35~E· 0 7 1 •4,499~431E•07, 
J,0 ~ 2?t8Q~•07,•2e6817~50E•07, 
s. s t ~A Ot2E•o7,•1,5~79s~sr.-o?, 
1, 0~ ~S294E•07 1 •9,51A5049E•08, 
6,4 50 5 t1A~~os,•5,6648167~·os, 

J,A17110gE•OR 1 •3,36t67t7~•08, 
?,? 50 1957~-o~,·1.97453~3E•oe, 
1~J 00 3471~•0A,•1,124005HE•09, 
7,0 4 1~407E•09 1 •5a950967hE•09, 



'-I 
.p.. 

1774 
17 7!5 
177(1 
1777 
1778 
1 ., 79 
17RO 
1 i 1;1 1 
17A2 
1 ., Fl 3 
1 ., ~ 4 
1'l B 5 
1?U6 
1'1A1 
1 Hie 
1 .,. ~ 9 

' '1 90 
1 7 91 
'., 92 
~793 
~ ·: C)4 

j 7 ~5 

3 'i' 9, 

'· 797 
! 798 
1 ,, 99 

1~00 

1" 01 
1R02 
HlOl 
\ '1 04 
1H05 
1 FIQ6 
1'10'7 
l!J f) ~ 

1f.I09 
1Ht0 
1 e u 
1Rt2 
1R1~ 

1F:l14 

1 4,9R82405E•09,•4~144l813!•09, 
DATA W4/ 

1 2.1217lttE•09 1 •1,750475SE•09, 
a 7,2300P85F.•10,•4,8860666E•tO, 

C .. •tet!:NDATA 
c 

DtMENSION K~Y(2j6).~AVtC236) 
t F' ( N ! : ltl ) 1 0 , ) 0 , 1 0 

10 rJ•c;=•t 
xo~-x .. 17,o 
no 20 H~:.1,236 

20 KFY(J R):O 
30 f,AGs:LA G+ 1 

~ t. A G H 1 ~ 0 • 0 
C'L~X=O,O 
L:O 
A~ S lGN 110 TO M 
t:-:~6 

c,n TO 200 
110 CMAX=At\IIX 1 0,85 CC), CMAX) 

l:J!+1 
IfCI,L ~ ,98) GO TO 200 
tY(CMAX,EO,O,O) GO TO 1!0 
C ~ r. Y. a 'f' 0 I.,• C ~~ fl. X 
A~SIGN 120 TO ~1 
t~~s 

GO TO 200 
1~0 IFCA B SCC)aL!,C~AX) GO TO 130 

r~t .. 1 
!f(l,GT,O) ao TO 200 

1)0 A S S!G~ 140 TO M 
t::~9~ 

GO TO 200 
!40 tr ( AP.S(C)aLE,CMkX) GO TO 190 

I=Y.+l 
lf(l,LE,216) GO TO 200 
r. o 'l'O 191) 

1~0 ASSIGN 160 TO M 
I= I 
GO TO 200 

160 IF(C,EQ,O,O~ GO TO 170 

3,4oee114~~o9,•2,1712762E•091 

l,3485207E•09 1 •1,00809l7E•09, 
3a012141lE•10,•9,164979SE•11/ 



'-I 
V1 

1A1! 
H'16 
11H 7 
19UI 
1R19 
1R2 0 
1~21 
1P22 
1~?3 
!A24 
1A~5 

1R26 
1 ~ 27 

lf<?S 
1R2J 
1A)() 
Hl31 
t~l2 
1 8 ~) 

PU4 
tn3~ 
1. £; 3(, 
Pl 3 7 
S.P3 A 

t•l+1 
I~Cl 1 L~~85) GO TD 200 

170 ASSIGN 180 TO M 
1=236 
c;n TO 200 

1Y0 lfCC,EQ,O,O' GO TO 190 
:txl .. 1 
1FCI~GE,99l GO TO 200 

19 0 TH~ 'fUR 'l 
C••BTOR~/rt . TRI~VE ROUTINE COON! INTERNALLY TO SAV! CALL~S) 
200 t,OOK.=I+LAG 

t o=J.,nnK/ 217 
I ~= tWD ( t~oor. 2 3 7 > 
P " (IR, EQ ,O) TRat 
t R n r ~ t. = 1 n * 2 3, 
IF' CK E YCTR),r~~ .IROLL) GO TO 220 

210 C=SAV E CtH) ~WT CI) 
R !1 1\ (; H 1 = R lJ fl G H 1 + C 
;,c L+ 1 . 
~n TO M~tt1o,12o,t40,leo,tso) 

220 KrY(!~)~!~O~L+IR 
~AVECtR)cfUNC~XP(XO+fLOAT(LOOK)e,20)) 
GO TO 210 
E:NU 



1839 
1R40 
1~4t 
1P42 
1R-4J 
1R44 
1~45 

1P46 
1~47 

1R4a 
1P.!Q 
1 ~· 50 
1 r- s 1 
1~52 
1P5'J 
1P.S4 
1P55 
u~s~ 

'· n 57 
1058 
1~~Q 

"' UHO 
0\ 

1Rf;1 
11162 
1 ~f.d 
l~f>4 

1 Rfl5 
1R(l6 
1067 
1q68 
'il69 
j f> 7 (l 
1R7t 
1~72 
1P7l 
1P.7~ 
1875 
1n16 
J.R71 
Pt78 

~~AL rUNCTION P.LAGrO(X,FUN,10L,L,NtW) 
C••*** A ~PECIAt LAGGED* CONVOLUTION MET~OO TO COMPUT! TH! 
C IN!!G~AL FRO~ 0 TO INFtNI1Y OF "FUN(GJ*COSCG*B)•OG" DtriNtD AS THE 
C nEAL FOURI~R COSINE TR~N5PORM WJT H AqGU M ~NT X(aALOG(B)) 
C BY CO~VOLUTtON P'tLTE~ING WCTH ~~AL P'! iNC':r' 'tON "Fl1N"••AND 
C USING A VA~IABLE CUT•OfF M~THOD WITH EXTENOtD FILT~R TAIL6,, 1 , 

c 
C"•BY ~.LeAND~RsON, u,s.~EOL(JGICAL SURVEy, DENVER, COLORADO, 
c 
C"'•P .&RAM~TER.CS I 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

f'UNCG);a 

TOL• 

L• 

* NEW• 

= REA y, ARGUMf:HT ( cALOG U~) At CALL) or THE fOUR Il!:R TRANSrORM 
"RLAGfO" 18 UREFUL Otll1Y WHPI X=CLAST X)•,20 *** l,E:;,, 
SP~CBD SAt1J!. AR F'!LTn~ USEO••IF THIS 18 NOT CONVEtU!:NT1 
THE: N 5 LJRPROGR~H 11 ~ frJURO" IS AO'II SP:D fOR GP::NER~L US! 1 
CA.t .c;O SF; ~< ; PA~'~ INfo:~< ' ' & tJOTr.:S (2),.(4) BELOW), 

t: x 'H~ R N A L n E c L J\ REo ~ E A r 1 r u N r T 1 n N N Ml r. c us E R suP P L 1 go ) , 
NOTEI II' PA~r~S OTHE !~ THI\~ GAPE R~~CJ 'I!R E D, USE: COM~ON IN 

CALT1ING PRoGRA~1 ~. rJO IN srr•\PROGRA~t f' tJN, 
TH~~ Rf.Al1 F'J"'CTHH! F UN :.>HoULO U~ A ~O~OTON! 
Of.C~r:A.SHir; F'UtJCTlrJ '~ AS Til~: "Rr.UMENT G BF.COMt:S LARGE,,, 
JH-: AT ~ T OLI::R.ANCE ~: xr.t:~P Tf.ll Tl.'t' CONVOLVI:.D TAILS .. "~lel!:,, 
IF" P'IT . Tf.~.,fiJN<Tnt•"l.AX, TnP:N REST Of TAll, tS TRUNCAT!D 1 
'THl~ tS DntH:: AT BoTH E:I'~V.S OF' FlLTE:R, T\'PICAJ.I,y, 
'fni, <= • Q(lO l IS il~UJ', !J{, ~ nK.,.,.8UT THIS DEPr; Nl>S ON 
THE ritNr.TtctN Ytl~ A1H' P;, P. ~ I·I ETP.:R X,,,IN GF.NF:RAL, 

11 " s M f\ r, t. r~ R T n L " w 1 L r, us u ,, ; . t. v R t: s u L T I N " M o iU': A c cuR A c 't " 
BUT WITH "MniH.:: \H:: r(;fiT fi " P. F. lNG UM~ D. T(ll, IS NOT DIRECTLY 
REJ,An:o tn Tl·Hl~CATI QN HU<rnu RU1' GENf':RALLr S~~ RVfo.:S A~ AN 
APPRnX I ~A 1' InN IN['II C ATl)H,, • f OR Vt:RY L ARGf.: OR SMALL B 1 
o ~·H: s H o 11 L o usE 11. s ~'.,\ L L F: R T £1 T 1 T H A N R r:: c n M ,..: E Nor. D A 8 o v E • , • 

JH<;S:tl.J1' I .'H~ NO, fT LTr:n k'1'S, USED IN THF: VARTAB[Jp; 
CnNVUJ,llTrnN (~ DEPt:NOS (1N TOL AND fUN) • 

~~u~ ·.r,=2'l AND MA X,t~=2B! ..... ¥.HJC!-i COut.D 
OCC I! R IF' TOL t S VER\" S ~Hqi L A NO I OR fUN NOT DECREASING 
V~RY F'A~T,,, 

1 Ie NEC~~5ARY 1S T riME OR BRAND NEW X1 

0 r n R ALL 5 I J IHH:.: Q II ~: tl'f C A L L S W H F. R E X~ ( L f\ S T X ) • 0 t ~ 0 
15 As,c;IJH E!) ! NTI!.RNAL:. y HY THIS ROTJ'rlNE, 
NnTrq If THIS IS ~O T n~ u so;, ROUTINE:: WILL 



1H79 
lRB~ 

1R81 
1A8?. 
U~B~ 
l~H4 

1st~~ 

1 P. R6 
1 ~8 7 
1 P@ 8 
lf., B 9 
1 H90 
' ~ q t 
i F1 92 
1 t~ cn 

1 ~ 94 
1 r~ q 5 
1 '1 <) 5 
1 t=i 9'7 
1R9B 
' t"' QQ 

-....! l rJ OO 
-....! 11101 

1 ~J 0 2 
! r.10 3 
i 0 04 
1~0!5 

1Q06 
1'l07 
1 ~1 0 A 
1 <10 q 
1(}10 
1911 
191l 
1Q1] 
iQ!4 
1<li5 
1916 
1()17 
1Q18 
1Q1Q 

c 
c 
c 
c 
c 
c 
c: 
c 
c 
c 
c 
c 

5TlLL ASSUMt X•CLAST X)~0,20 ANYWAY,,, 
lT tS THE U~ERS ~ESPQNSIBILITY TO NORMALIZt 
BY CORRECT B=~XP(X) OUTSIDE OF CALL (SEE USAGE BELOW) 1 

THE LAGC£0 CO~VOl,U 'T TON ~F.'t'HOD PICKS Up 5 I GN tfiC ANT 
TIH~ IMPROVEMENTS W ~E~ TP! K~RN~L IS NOT A 
S!MPLI': !!:LE'I~r;:rlT/I.RY flP~ C TT.r> N, v ,DtJE TO lN'l'ERNALLY SAVING 
ALL KF.:Rl~F~ L P'trNCTJO N EVAt,UATIONS WHr~ N NEw::t,,, 
THE III WH~:N H~;w:o, ALL PfH:v iOUST/V CALCULATED 
l<FR NEL S WtLL R~ U~~G I N TH~ LAGGED CONVOLUTION 
W ~f. R E: P n S S I A L t , 0 ~!: Y T\ fl n 1 N G NEW KERt-H~ L EVA L U AT 1 0 N 8 
WH~N NEEOCO (DfPf ~DS nN P~RMS TOL ANO rUN) 

c .. •THE RE~lTL'!ING RC:AI, cn~; VOJ,U TION SU :~ IS \. VP:N IN RLAGP'OJ THE P'OURI!R 
C TRANSFORM I~ 'l'H~:N ~t . AGP'O/p \~HIC!1 IS 'l' U P.: COMPUTED ·"f'TER EXIT P'Rm~ 
C THI~ ROUTt~P.:,. .. , WH~RE n~~:gxv O:), x:.aA~ GII !-~ NT USED IN CALL · .. , 
c 
C:•-USAC.E•• "~LAGFO" IS ChLL!:fJ AS F'Dt.LOW.i~ 
c 
c: 
c 
c: 
c 
c: 
c 
c 
c 

••• EXTERNAL Rf 
••• 
RaRLAGfO(ALOG(B) 1 RF,T~L,L 1 NE~ l/8 

••• 
I!:ND 
RF.~L FUNCTION RF(G) 
••• IJSf.R StTPPLigO CODe:, •• 
!NO 

c 
Cw•NOTE8t 
C C1,, EXP•UNDERP'LOWis MAY OCCUR IN ~X~CUTING TH! SUBPROGRAM 
C ~P:I,QW J HOWf.V ER, THI8 !S r.K PROV~DEO THE ~ACHIN!: SYSTEM SETS 
C ANY' ALL ~!P•UMDP:RFLO~IS TO 0,0,,,, 
C C2) 1 AS AN ~ID TO UNDERSTANOlN~ & USING THE LAGGtD CONVOLUTION 
C M ~THOO, LET BMAX~eBM JN>O BE GIVEN, THEN IT CAN ~E SHOWN 
C THAT THE A r. T U A{, t-J 1_1 M FH: P. 0 F f.P S I S N B r:: A ! NT ( 5 , • At 0 G ( 8 M.A. X /8 MIN ) ) t1 , 
C P R 0 V lO E: r.> B MAX ISH 1 'I> :s 1 , ·THE tl S t: R Pt. A y THEN AS 5 U M ~~ AN "AD J U 5 T E 0" 
C BMINA~RMAX•~XP(P 1 2•(NB•l)), TH~ ~ C THOD GFNERATES THE DECREASING 
C A P Gut IE NT S S ~ l\ C ED AS X:: A !1 n c; C !.\ M ,1 X ) , X., , 2 , X • , 2 * 2 , , , , 1 A L 0 G ( B M 1 N A ) t 

C r 0 ~ EX A. M P L r.: , 0 N F: MAY C m~ T R 0 t, 1' H ! fl \•! 1 T H THE C 0 DE t 
c ••• 
C NBCAINT(5,•ALOG(BM~XIBHIN>,+1 
C N81=N~+1 



1Q20 
1921 
1q~2 

1923 
1924 
1Q25 
192~ 
1n27 
1~2R 

1Q?.9 
1qJO 
1931 
}q32 
19 33 
1934 
1Q35 
1Q36 
'· q 3 "1 
193R 
1Cl39 
1 ';I 40 

-.....! 2 g 4 t 
(X) 1<:J4:>. 

1 !J 4 1 
1'"~ 4 4 
1 r..; ~~ ~ 
1-:!46 
191 7 
~~ IJB 

Fi 4Q 
l < 1 ~0 

1. 9 5 t 
1<.'5, 
t ~5 J 

! IJ 5 4 
1 f) 'j s 
1 ~~56 
~ 9~ 1 

1() 5R 
1 ~~59 
1960 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X0•ALOGCBMAX)+,2 
N!:W•l 
DO 1 t~N8,1,,.1 
X•X0•,2•CNB1•I) 
APG(I):aF.XPCX) 
ANS(I)~RLAGrO(X,~f,TOL,L,N[W)/ARGCI) 
NtW:O 

••• 
Cl), IF ~EsULTS ARE STORED In ARRAYS ARG(I)rANS(I),I•1,N8 FOR 
A~G IN (RMI~~.AHAX), TH£N TH~SE AR~AYS MAY 8E USEOr roR EXAMPLE, 
T,., SPL IfH·;•I NT ERPDld\ \f: AT A 0 IF'FF:RF: N T C LARGER OR SMALL[R) 
:;PACING THAN lJS Ef) I~ 't'HJI; t,f\GG~O CQNVOJJUTION METHOD, 
( 4), If A rnrn:Rf.tiT RANG £ Of b !S DEStRF.D, THEN ONE MAY 
AJ,v; AY S REST ~ R T THE 11 RnVE P ~ n Cf.l>t TR E t N ( 2) Wl TH A NEW 
nMAX,RMIN ANO AY ~ETTING N~ W =1,,., 

C••CQS.~XTF.NDED FtLr ~ R Wf. lGHf ARR~Y5t 
C NOTEI AHSC!SSA CORR~SPONOlN~ TO W~IGHT Jl GENERATED 
C TO 5AVF: S'fllR.fi.GE:, 

DTMf NSJnN Y1C2Rt),Y1(76),Y2C16),y3(76),Y4C53) 
r• o u IvA r~ r. N c ~:. c Y T o > , 'tl o ' ) , c Y r ( 11 > , y 2 u > > , C't T c 1 sl > , y 3 ct > > , 

1 (Y~C?.29),Y4C1)) 
DATA Y11 

1 !i.t178101E•14, 
2 6,~179 "7RnP:•14 1 
J 1 • 7 5 ) 11 (l :n:. 1 ., , 
4 2,Jc:t1~751 fo: •1~, 
5 4 • C' .3 4 9 9 1 7 F. .. 1 3 , 
t; R,H9t1 fl 5 3F:o1:\, 
7 t,qs3R ~ ~~r: •t1., 

e 4 • l CJ 2 7 :~ 4 t r: .. 11. , 
9 1, (F)6:\229t::"11, 
1 2.17?0051F:r11_, 
'- 5,1)iS1, 6 Af. .,1,_, 
l 1.t2213lfiF:•10, 
4 2 • 4 9 3 7. ., 4 3 ~: • 1 0 , 
s s.~5o?.s37 E •1o, 
6 1,?.3'14R OOE•09, 
7 2 • 7 4 9 9 n 2 n: • o 9 , 
8 6 • 1 2 0 5 9 5 Of": • 0 9 , 

2,9433849E•1.4r 
1,30R~74f..E.,.15, 
7,Q~7349t3F:•1 S , 
1,97t41.6QE•1:~, 

5,2:7.03RB5P:•13 1 

1,1709711JS .. 1?., 
2,r.1.8976 cH~· i 2, 
5 8 752f;904E•1?., 
1,2497964~·11, 

2. 74~~sq ~ g.t '· , 
6.10 9 4)91.1'; .. 1 , , 
1 • 1 6 7 li 4 ~ 4 ~o: ... 1 () , 
3,0470t\6tr: .. ~0, 
6,179166 -:n: .. t o, 
1,50A~2'iSE• 09 1 
1,3569~1.51':•09, 
7,470139'H:·0 9 , 

2,~ 4 92522~•14, l 1 9034819E•14 1 

1,1 °~ 9957~•13,•1 1 2216?.l4~~t4, 
2, l ~1~h5A~·t~, 7 1 9981~20~•14 1 
2 ,~ Q 70tl?E~l~, 3,4161340E•13, 
~ , 03 1722Jg•1~, 7,~01~l06E~l3, 
1,~l n55 95f.•1?., i,757946JE•12, 
~,9 !~ 7~97f.•1?., 3.9044344f.•!2, 
~ r~ ~~ ~~52E•12, S ,4555679 ~ •12, 
2 8 ~ 1 J4~g?E•1i, 1,~5014~ B F.•11, 
1, 40?~ 441~·11, 4,0 9 759~58•11, 
1e ~ 4 ? 298?.E•11, 9,1445759~N11, 
l, 6 7202 6 9E•10, 2,0423244 £ •10, 
1,719 25 ~6~•10, 4,5449934E•lO, 
R,1 R\ 00DtE•10, 1,~112~?.6E•09, 
1 1 9~~ ??SJE•09 1 2,2501l97E•09, 
~.t o 2~67or.•o9, 5~0077487E•09, 
9•13t(.760E•09 1 l,S14l9t1E•08 1 



1961 
1962 
1?6) 
1()64 
19~5 
1 ,,. 66 
1<='67 
1q~A 
1 ()(; Q 

2970 
1t; 71 
1()7:). 
1 t"J '7~ 
19'74 
\'17~ 

!97~ 
~977 
1978 
1rJ79 
1~tl0 

1'1R1 
'-.] 

1..0 i CR2 
1QA) 
1<Jr4 
149~ 

1~86 
1. CJ ~ 7 
19SR 
19::;19 
1 CJ 9 () 
1q9l 
1Qql 
1<J9J 
19Q4 
199'_; 
1'1Q6 
l. 1)97 
19QR 
1Q9t) 
2000 
4!001 

9 1~l622929E•08, ! 1 6~21911!•09, 2 1 0!2~094~•08, 2,41,9610!•08, 
1 l.Ol21709E•08, 3.6992986£•08 1 4.5237482£•08 1 5,5l8l434E•08/ 

OATA Y2/ 
1 f; • 1 4 9 1 o 7 or: • o ~ , 
2 t,!\022907E: .. 07, 
) 3,34~1C4t-i~:•07 1 
4 7,444:l6br;E .. 07 1 

5 1,6!)7J073F:•0'- 1 

~ J,6~9Aa1~E:·O~, 
1 e.2t607t~r.·o~, 
8 t I H296~J(H:•O'), 
9 4 • (l 7 '5 1 {l6, fl ~:,. 0 '3 , 
1 9 • o 7 a o (• o " ~: • o s , 
2 2 t (\ 7. '2 7 ~ 2 1 f.; .. 0 4, 
l 4,S083741H~ .. o4, 
4 1 , no~ J 9 3 R ~~ • o ) , 
5 ~,'24'1.~0 5At: •OJ, 
6 5 , 0 0 2 R ~ ') 6 1-~ • 0 ~ , 
1 1 • t 1 6 ()1 3 2 r: • o ' , 
8 2,4R00~1tF:•O?, 
Q S , 3 q 0 5 t h .H: "' 0 7, 
t t,o377190t•Ot, 
OAT~ 'f1/ 

8,2l17946E•OH, 
1,~31F.lq~9~·07, 
4 1 I) 1 5 ~ t q '7 F; .. (.1 7 , 
9,0h79'?~3F.•Oi, 
?.,0174~7~F:-06, 
4 1 4 R 79 h 2 5 I·: .- 0 h , 

9,<JR?.~o9tE:• 06 , 
?.,1202672P;-os, 
4,9)71.4841-: .. os, 
t,n976H,H: ... o~, 
2 • 4 19 i:l 3 '8 ~= ... 0 4 , 
5,41.1 .l3JlH: .. oQ., 
1 • 2 0 1\ 1 4 0 11': .. 0 3 , 
2,f'730~7 6~:0·0~, 
5,97.8S66~F:· O?. , 

t • 3 ' t 9 6 1 n :. rp , 
2t~79J704 F. • O?. , 
6 • 0 B 0 4 6 6 0 ~: • 0 'J. , 
t,on77t8E .. ot, 

1,00 6g 271E,.07, 
2,241)747E•07, 
4,?P442'7£'E,.01 1 
1 .1 1 n; 37QI:!:n06, 
2,1\71879AF.•06, 
5, 50 5fl~7tf: .. 06, 
1,7. '2 h 0 ~77E•05, 
2 , 7 .; (l 5 1 5 4 E • 0 5 , 
(l,('\ P20947E•OS, 
l, ~~~ ~0 409f.•O~, 
~,Pt9'1018f.•04 1 
~.7H534H: • 0 4, 
t .~o1 t 70£1F:.~o)f 
l,~4 q0 681F:• 0 3, 

7,47 30 905F:•03, 
t ~ fi 6~) \9<.lF:•02, 

),6 7b;,O fi3E~01., 
7,7llH,71RI!:•01. 1 
l, tf1Q;!20RE•O t, 

1,2279375E.,07, 
2,7322965f:•07, 
6 1 07932JJE•O?, 
t,352~651E;•O!\, 
3 1 0 0 9 0 4 4 5 F~ .. 0 6 , 
f.,b9J5820~·06, 
1,48~8061~·05, 
3 ·.31 09o72E.: .. os, 
7 • 3 6 1 9 57 u: .. 0 5, 
t,~,n5~7of.•04, 

3.~-'707(.,0f.•04, 
A,O~G09c;tf."'04, 
1. 79423441i: .. 03, 
3,9$t15050F.•v3, 
fi 1 A1.335tOE•03, 
1 1 9 4 7 2 7 fl H: • 0 2, 
4,22287ROE•02 1 
8 1 )874501E•02, 
9,0437429E•02/ 

1 7,t6~St3R~•02,•3,9473v64P.•02,•1,~ 07 k720E•01,•4,0489959E•Ol, 
~ .. 5,fiOt8S!958•0t,•6,S050388!":•:Jt,•1,~0947.24E•01, 6,6304064t:•01, 
3 1,17~ ~1 4Q~•on,-e.oJ7J222~·01,~1,o e~q ~29~•oo, t,2812892~+oo, 
4-S,034108?~~0t,•4,411445 ~ ~y02, 2 1 09 1)t0,~•0\ 1 •1 1 9999h~1~•01, 
5 1,5207~6e~•01,•1,0920l60~•01, 7,~,hQ~56~•02,•5,6651561E•02, 
6 4.1~11799K•02 1 •J,O~~OOt2E~ 0 2, 2,1 0 7?559E•02,•1 1 7311~31~•02, 
7 t • .'l 0 21 4 4 :n: "'0?., • 9, R 0 P. ~ 0 ?. 5 Jo:"' 0 3, 7 : 3 ·~ 4 3 5 2 q E • 0 J, • ~ 1 ~ 7 6 9 51 B F; • 0 3, 
8 4,?07l164 ~ -o~,•1,174~01 6~ ~n3, 7.,3 9~4 154E•03,•1.~076122~·0l, 
9 1.J 6 4 0 Rt~~·O,,•t,029J9J4~~ 0J , 7,7~R~95?E•04, .. 5,~62)518 t •04, 
t 4,4240J9Q ~ ~ 0 4,•J 1 JJ8~183~· 04 , 2~~1~5025E•04,•1 1 901J541E•04, 
2 t.41~8h ~qf ft 04 ,~1, 0P 2 8 2R4 [~01 , ~,!71~174~•05 1 •6 1 1667509~•05, 
) ~.~~~7~~4 f. •0S,•3.~1198ij7 ~ · 0 ~, 2, h~01 38~F:•05,•2,0000904P.•05, 
4 1,S0937~R~·O~,•I,1390572~·05, ~.~Q 59 3l8 ~ · 0~ 1 •6,4869407E•06, 
5 4, ~ 9 'D 7 1 3 f•: • 0 !I, •), b 9 4 2 q ) 0 E .. 0 6 , 2, '1 rn g E- 2 ~ ~: • 0 6, • 2, ! 0 3 A 2 4 J. E • 0 b, 
6 t.~~7~917~·0~,Ml,t9~0090~·06 1 9,03 ?R0 3 0E • 07 ,•~ 1 820R296E•07 1 
7 ~.1i~Ph~OE•07,•3,R9175AtF.·O~, ~,q] i i261 ~ • 0 1 1 •2,?.06792tE•O?, 
B 1,6h~3~14F.•07,•1,2~14tn2~·07, 9,4014535E•0R,•7,0~~68)1E•O~, 
9 5,274158t~•OR,•3,9298610~• 0R , 2,9107255E•08 1 •2 1 141)893[•08, 



00 
0 

2002 
2003 
2004 
200~ 

?006 
2007 
200£4 
200Q 
2<110 
;u~ 11 
10~2 
2~11 
1.01·'\ 
7 11 15 
201~ 
2017 
:2 r, 18 
2019 
2'>?. 0 
2n21 
207.2 
2(•2 3 
J!IJ /4 
t.n25 
2026 
207.7 
202A 
£029 
2n30 
2031 
~0~2 
2 (13 1 
20 34 
20.~!5 
20.H; 
'}rt3'1 

2n :-; B 
2039 
2040 
2041 
11)42 

1 1,57420l2E•08,•1,1,98601!•08, 8,7561571!•09 1 •1,29!94,6£•091 
DATA Y4/ 

1 6,8816619E•09,•8,96798lSF.•09, 1,4258275E•08 1 •1,9!64299E•08, 
2 2,n2J5J13E•08,•t,4725S45E•OS, 5,~6~~820E•09 1 l,5995580f.•09 1 
).9,52H7!3JY.•Oq, 1,1460041E•0~,•1 1 02505)2f.•OA, 7,46~1748E•09, 
4a4,47034~Sf.•09, 2,0499~53E·09,•4,40063~)E•10,•4 1 037433~€•10, 
5 7,o)2,001F.•tn,•6,70~7960E•10, 4,9t3o404E•10,•2,8840747~•10, 
6 1,2J71144~•10,•1 1 5260443F.•11,~4,70/.7~59f.•11 1 6,1A~S474E•lt, 
7.~,9273937E•11, 4,h~8R76~F.~1!,•3,,0~d18?E•11, 1,9~31637~•11. 
8.t,t210nqAE•1t, 5,Q5~7021E•12,•3.~~?lH12E~l2, 2 1 13538~8~•12 1 
?~~,A~16~S1~·12, 1,~43B474~•12,~J,8 3~~ 0 17~•12 1 1,724!R47F.•12, 
1 .. 1 • 5 ' 6 1 4 7 9 f."' 1 2 , 1 , 2 6 1. 1 6 ~ 7 E .. 1 2 , "' ~ • 0 J ·; 9 1 H• F: • J ?. , 1 , 9 57 8 6 2 SF: • 1 3 1 
~-~.2,l1435~•1J, 4,e745900F:~l3,~1,P70~630~•13, 3,1172547E•,3, 
l•2.S197ij02~•1,, 2.0B24tJ0~·13,~1f7l?~1bJ~•1l, 1,4113344~•13 1 
4-t,tfi97QB6~•l3 1 9~76640l6E~l4,•R,797717~E•14, 7,2515267F:~l4, 
~. 5 I 6 0 4 7 478 ~ : .. 1 ~I 

C••S$P.Nt':/\TA 
D IIi EN~ I 0 N 1\ P: Y C 2 B 1 ) , SA V £ ( 2 8 1 ) 
I P" Ul r ti) 1 0 , ~ 0 , 1 0 

10 f, ~,;=-t 

XOq•X•JO,l0251216 
no 20 IR=t,2Bt 

20 KEY(IR)%0 
lO tAG=L~G•t 

Rt.AGFO=O, 0 
C"1AX;n,o 
[ , :(} 

AS~IG"l 11C TOM 
t=l49 
c:n '1.'0 200 

110 CMAX~A~AX1(ABS(C,,CMAX) 
:tzi+1 
lf(l,L~.170) GO TO 200 
tr(CMAX,EO,o,O) GO TO 150 
C ~A X c: T 0 L * C ~1 A X 
ASSTGN 120 1'0 M 
J~t48 

GO TO 200 
1 2 0 I fl' ( A B 5 ( C ) , t, ~ , C M ~ X ) G 0 T 0 1 3 \) 

!=!•1 
lf(l,CT,O) GO TO 200 



00 
....... 

204] 
2044 
2045 
20~6 
2 •) 4 7 
2048 
2049 
2050 
2051 
20~?. 
? ~"5 .3 

~t1 !14 

2055 
2 05~1 

20 5? 
2()58 
7.~59 

2 0h0 
?.061 
~062 
?. 1)6 3 
2 nt~ 4 
(.116!5 
~~ '>6 6 
/.()()7 
20hA 
=' ()" 9 
2070 
2 ~1 71 
;~ 0 72 
2 0 7 J 
2()74 
'J.075 
2 () .,5 
2 t1 7 7 

llO AS~IGN 140 TO M 
1:11171 
G'l TO 200 

140 lF(A~SCC),L~.CMAXl GO TO ~90 
tsi+1 
!r(I,L~.281' GO TO 200 
GO TO 190 

150 A .~SIGN 160 TO H 
J:at 
r.ll TO 200 

160 IFCC,~O.O,O) GO TO 170 
l::J+1 
IF(I,t~,148) GO TO 200 

170 ASSIGN ~AO tO M 
I=2R1 
GO TO 200 

1RO lFCC,EQ,O,O) GO TO 190 
I=!•1 
Irci,G~.171' GO TO 200 

190 R~T\l~N 

C••STOREiqETRT~VE ROUTIN~ COONE INTERNALLY TO SAVE CALL'S) 
200 VHlK.: I +I_,AG 

IC:::T,Q()K/282 
IR=MOn(t.OOI<,282) 
lF'liP,P:fl,O) IR=t 
I ~nt;L::! ()* 2 B 1 
trCK~Y(tR),LE,IPOtL) GO TO 220 

210 r=SAV~(IR)*YT(!) 

220 

R !1A ~;(I' 0 =!-{LA GP" 0 +C 
.L, ::r, + 1 
G0 TO H,Ct1o,t20,140,l~0,180) 
~~Y(lR)=!ROLL•JR 
S~V~(tR,~rUNC~XPCXO+rLOATCLOO~)•,lO)) 
GO TO 7.10 
END 



2078 
2079 
2080 
20B1 
2092 
20f13 
20B4 
208~ 
2Ml6 
/.0~7 
21H~P 

2 0 ~9 
20qo 
?.G91 
2092 
2:191 
209~ 
21195 
2091S 
?.0()7 
209R 

(X) 20Q9 
N 2100 

2 t 01 
2t0'-
210) 
2104 
2!0!5 
2\06 
2107 
:.110~ 

2i.C9 
211 0 
211 t 
211?. 
2 f 1 1 
21.14 
~11!:S 
;).!!6 
21. 17 

REAL rUNCTION RLAGYl(X,FUN,TOL,L,NEW) 
C••••• A SPEClAL LAGG~D* CONVOLUTION H~~HOn TO COMPUT! TH! 
C INTEGRAL F~OM 0 TO INFINITY Of "P'UN(G)•stN(G*B>•DG" DEriN!O AS THE 
C R~AL rOURlER SIN~ TRANSFORM WITH AHGUM ENT XC•ALOG(B)) 
C ~~ CONVOLUTION FILTERING WITH R~AL FI JN rTtON "rUN"~•ANO 
C USING A VARIAHL~ CUT•OFF M~THOD WITH EXTE NDED FILTEP TAILS,.,, 
c 
C••AY W.L~ANDERSON, U,S,G~OLOGICAL SU~VEY, OENVER, COLORADO~ 
c 
c~·PARAM(TER5t 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

rtJN(G)• 

TOLl! 

L• 

* NP!W• 

• P.f:AL ARGll~ENT(!IlAJ.I')(;(8) AT ~ALL) OP' TH! FOU~IER TRANSFO~M 
"RLAGP't" !~ UREF'UL ONLY ~HtN X•(~AST X)• 1 20 *** l,E,, 
:SPACt:O ~AMY. AG 1''11/tf'R OSH">,.•lJI' 't'HIS lS NOT CONVENI!;NT, 
THf.N SlJf\PROGRAM "Rr f1lJH1" t:S ArWtSED 1'0R CENtRAL U&E, 
CALSU SEE PA RM ~ ~~~ ~ & NUT r R (2)w(4) 5[L0W) 1 

EX'l'f.fl~AL r.ECLAF<ED Rf.ld, P'Ut;CrtnN NM~E CUSER SUPPLlf:;O), 
N 0 T P: 1 H' PAP.~ S 0 THE R T H A "J G fl P E R P.: 0 If 1 R € 0 , US f: C 0 H M 0 N 1 N 

CALT.ING PROG~AM t.NO !N Sllfl. PROGPAM FtJN, 
1 HE R e: A L r U N C T I r) ~~ F II N f; H nUL 0 B P:: A M 0 N 0 T 0 N g 
DF'CPf.~STN<; ~·UNC1'HI~ ~~ 'T'H~ ~ROU P~ ENT G BECOME:S LARGE••• 
PP:AL T0Jd~.RANC8 fXC~~pn · D fiT CONVOLV~~O TAILS••l,E,, 
1 r Y I tIT f.~· ~ p·n N < r ~, L * :-·, r. x , r H n1 REsT o P" T A I L t s T RuN c ATE o • 
THI~ IS on :~£ A1' fHll'H C ~H'S Of Flr .Tr.R, 'J'YPtCAtJr,Y, 
't nr~ < ::z • o o o 1 I s 1 u;u i\ L r. 'f n !<a •B tJ T T H I s o E P ~; rlD s oN 
T HE (I' II~' C T I 0 N f tJ N J\ ~ 0 P ,q~ H : r '!'F. R X "' , I N G F.: N P. R A. L 1 

A ".~~~ A L L E: P. T iJ L 11 W IT · L U !J tl A T •l1 'I l"l. E 3 U LT 1 N "M 0 K. F: ACCURACY • 
BUT WITH "MOR8 ~E! G ~TS~ ~ ~ JNG US ED , TCL IS NOT DIRECTLY 
R£J, ~TF.C TO TRti i·~ CA Tifl : l !f.~': ~ 11f< , AUT GE~ERJtLLY SE:RVES AS AN 
A P P ~ fJ X P I A 1' 1 0 N 1 N D I C AT t) R , , , f 0 R V!:. H y L A R G 1:: 0 R S M ALL B 1 
oNE s H n or.~n 11 s r: A s ~'.I'd, r. f ! ~ Tnt 1 r H fl N R t: c o M~ ~ No P. o ABovE • • , 

R r. S" L 7' I ~.s G N 0 , F I L 1' f l< l·; T:; • 0 S f: 0 I N T H E V A R I A B L ~ 
CnNVOLUTION :L O ~ r~ ~ DS nN TOL AND fUN), 

HtN '.r..,;-:20 AND MAX~r_. =:H,h "'"'\ < H JCH COtfT .. O 
flCCIIR H' TOfJ l S VE RY S I>I ;\LL AND/OR P'Utl NOT DECREASING 
VF.PY fA5T," 

1 1~ N~CE5SARY 1ST Tl~~ OR O~ANO NEW X, 
0 p·nR ALJ, Sti8.SEQII EI~ ·r CA!.L.S WHERE Xz(LAST X)•O,~O 

15 ~SSUMfD !WrERtv ~LT/"( BY T.HIS P.OtlTINEa 
NnTEI IP" THIS IS t-.10! '!'RtJF., ROUTINE WILL 



2t18 
2119 
2120 
~121 
2 1 ~2 
2 1?. 1 
2,24 
2,2~ 
2 1 21i 
1 i 21 
2!28 
2 i 2~ 
2 ~ ':\I) 

2\ 31 
? ' ::1 2 
2 < q 
~ 1 )4 

2 \ .lS 
2 1 .~6 
2t 37 
?.13~ 

<X> 
21. 39 

w 2,40 
21 41 
2 142 
~113 
2144 
2145 
2t46 
2147 
~148 
:l149 
21'50 
2 l 51 
215~ 

21 ~S3 
i1154 
2 '·55 
21~6 
:2,57 
?.1.~8 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

BT!LL A~SUM! X•(LAST X)•0,20 ANYWAY.,, 
IT JS THE USER~ RESPON5IB1LtTY TO NORMALIZE 
BY CORRECT B=EXP!X) OUTSrnE or CALL (SEE USAGE BELOW), 

THE LA.GGEr> CO NVOLU T TO !-! ~'of< THOD pICK~ Up 5 I GN Ir I CANT 
'tttH: IMPHO./EHf.r~ ~· r~ '.WI41::H 'f~-JE KERNF;L IS NOT A 
SH1PLF. f:LI'.: MJ<:N'l'Jdn ~~ "~CTT.c~l,, ,OU~: '1:0 INTeRNALLY SAVING 
ALL KF.~NEL P"t J NC'fT I)~i l::V !ILt.tAT!OI~S Wl-fE:N NEW=l, I. 
THEN WHF:N NF:vl:(), AlJiJ Pt-? f.V llJIJS! . ~ CALCULATE:D 
PCF.RNE:t,S WILJ1 OE ll~ r: r; !N Ti-lt: LAGGF.:D CONVOI1UTION 
W Hr. R P: P 0 S S 1 A L f: , 0 N L 'i A 0 l1 J ~ G N P.: W K ~ R N 1:: L E V f\ fJ t1 AT I 0 N S 
WHF: N N~·; e:or:D (nf!.Pf"JI)S Qll PAR1-'5 TOL A~D F'UN) 

C••THE RESULTING REA~ CONVOLUTION SI!M lR Gr VEN IN RLAGP'lJ THE FOURIER 
C TRANS F 0 R M I S T H f. N R IA G P' 1 I ~ W H I C H X S 'r 0 r. E: C 0 H P tJ '1' ED A F' T F.: R ~X l T r R 0 M 
C THIS Rr:1UT1NE,,., WHF.;RE R:::t<(P(X), X=A R Cti~P.: NT USED IN CALl•et• 
c 
c~·USAGE•• "RLAGF'l" IS CALLED AS FOLLUWE& 
c · ••• 
C EXTERNAL Rf 
c 
c 
c 
c 
c 
c 
c 
c 

••• 
R~RLAGFlCALnGCB),RF,TOL,L,NE W) /R ... 
F.ND 
R~AL YU~CTION RF(G) 
,,,USY.R SUPPLI~O CODE,,, 
END 

c .. •NOTE8t 
C C1), EXP•UNDERF'LOW'S MAY UCCUR IN EXtCUTING THt SUBPROqRAM 
C ~~I,OW' HOWf.VER, TIH 8 IS OK pRnVIDF:D 'I'H!! MACHINE SYSTEM SE;TS 
C ~NY & ALL f.XP-UNO~RFLOWfS TO O,o,,., 
C (2), 1\S ~N AID TO tl~DERS'TJ\NDING & USING THE LAGGF.O CONVOLUTION 
C M~THOD, LET BMAX>=A~IN>O 8f GIVE N, TH~N IT CAN BE SHOWN 
C T H t\ 1' 't' H F.: ~ C T U ~ To~ N I I~ ll ~ R 0 F H 1 3 Ui N I ~ = A IN T ( 5 , *A L 0 G ( B M A. X I B PH N ) ) +1 , 
C PROVIDED !WAX ltH~!N>::t, THE USER ~1A y THEN ASSUME AN "ADJUSTED" 
C 8MtNA=RMAY.*rXPC~.2*tNA•1)), THE M~THOD GF.:NERATES THE D~CREASING 
C APCIIMEN'i'fi SpAC F.t> AS XcAl ,U G(e~AX1,X•,2 1 X•,2•?.,,,,,ALOG(BMINA), 
C rnR EXAMPLE, ONE MAY CUNTRO L THIS WITH THE COD~t 
c ••• 
C ~W sA I NT ( 5 , * :\ L 0 G C B 1.1 A X /8 i<4 I N ) ) + 1 
C N~1~N B +1 



2159 
~160 
2161 
2P>2 
2161 
21~4 
~)f\5 

2166 
2, f)., 
1.,,~ 

2!6~ 

~' 1 (' 
'). 1 ., t 
21'72 
2, 7 3 
2174 
2175 
?.17~'~ 
21 7'7 
2 \ 78 
2 179 

co 21AO 
~ 

21 H 1 
21~2 
2tR3 
2tH4 
2P~~ 

218~ 
2tR7 
2t~S 

7!~ 9 
2190 
~~ j 91 
2192 
~,91 
2 ~ Q4 

2195 
7. 19 ~ 

:lt97 
219A 
2199 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r.~ 

c 
c 

XO•AL0G(BMAX)+,2 
N~Wcal 

00 1 l•NB,t,•1 
x=xo-.2•CNB1•I) 
A~G(I)=F:XPCX) 

ANS(I)~R~~Gr1cX,RF,TOL,L,NEW)/ARG(I) 
Nf:b:O 
I • I 

(3) 1 IF RE~UtTS ARE STORED lN ARRAYS ARG(l) 1 ANS(I) 1 l•1 1 NB FOR 
ARG IN (~MINA,O M AX), THEN THESE ARRAYS MAY BE U~Eo, rOR tXAMPLE, 
,.n nPLI NE• Hltr.RPOToATE AT A 0 I F'ff.IH:wr (LARGER OR SMALLER) 
S P hC VH; T H ~ ~ !J 3 ~() 1 N THP:: LA GGEf) C '1N VOLUT t rJN ME THOO • 
C4), Ir A OlYf~RENT RA~G~ nf B I S DESIR~O, TNEN ON€ MAY 
ALWAYS t{~: S 'lART 't'HI!: AUOVE P!HlCr:f)lJfU: IN (l) WllH A NE\of 
AMAX,~MtN ANn BY Sf't'TING N~W=l•••• 

C••SIN•EXTEND~O FILT~R ~~tGHT AR~AY~a 
C NOTP::I An~CtSS~ CnR~ESPONT1ING TO WF.!GIIT IS GENt;RATED 
C TO SAVE ST11RA<if.:, 

o t r1 r. N s I oN 1-1 r c 2 6 6 ) , toll c 76 > , w 2 c 1 6 ) , 1.1 3 c 7 6 ) , w 4 c 3 a ) 
1!:0 tJI V AJ, EN C t: ( WT ( 1 ) , W 1 C1 ) ) , ( W T (77) , W 2 (1 ) ) , C WT ( l5l) , W J ( 1) ) , 

1 (WT(229),W4(1)) 
OATA Wl/ 

la1,llt3940E•09,•1,32l7246E•12, 
l 1,721663hE•12,•1 1 8227727E•12, 
3 2.1473S41P.•11,•?.,2675549F.·12, 
4 2.67181 10~·12,•2,8227693~·12, 
5 l,J297~h~E~12,•3.5179095~~12, 
6 4,,4647QA~"1?,•4,3794552~•12, 
7 5.J~q~~QQ~•12,u5 1 4474462~•12, 
s 6. 4 1 7 5o 8 H:" 1?.,. 6. 7 7 s 3 6 111 r·: •1?, 
9 7,?nh4477r•11,•ij,4344lt0~"12, 
1 9-~J494J9~·12,•1,0493731E~t1, 
2 1,2370351~·11,•1,3067414~·11, 
~ ~.53~0bB~f.~1t,•1,6249313r.•11, 
4 1.Q,lt9?A~•11 1 •2,020?795E•11, 
~ 2.1B40Q7A~•l1,•2,519226lE~11, 
6 2.Q709t2Q~•tt,•l,1192870E•11, 
7 3,698tOSOf.•11,•3 1 905B55lE•11 1 

8 4,60t0537E•ll 1 •4,R590396E•11, 

1, 509 t7l9E•12,•l 1 6240954E•12, 
1,92S5992E•12,•?.,0lJ55t4E•12 1 
2,J9~~H42F.•12,•2,~292661E•12, 
2,9 82S1 71E•12 1 •3 1 1~14006E•12, 
J,71~~306~·12,•3,9256378f.•12, 
4 1 6?.~t.JJtE•12,•4 1 8845227~•12, 
~.7~Jn~ 77~·12,~6,0760464E•12, 
7,, 5 ? ~ 239EM12,•7 1 5~1b782~•12, 
8.Q07i422E•12,•9,4067705f.•12, 
1,1 0~ 4 9 00E•11,•1 1 1709937~•11, 
1.JB02200£•11,•1,4575980E•11, 
1 1 71~~934E•ll,•1,8115250E•11 1 
'-,1JS2159e~t1,•2,?.56t73Sr.•t1, 
2,66, Sl1 9E~11 1 •2,9122547E•11 1 
l 1 31~9030E•11,•3,~01316BE•11, 
4,125t694~•11,•4,3566777E•11 1 
5,13147~1E•11,•5,4193353E•11, 



co 
Vl 

2?.00 
2?.01 
2?.02 
2?.03 
2?.04 
2?.05 
2,05 
2?07 
2, 0 ~ 

2?09 
?.:no 
7.:>11 
?. 'i' 1?. 
7?1.3 
2 ') 1 4 
2') 15 
~?.16 
~7.17 
221A 
7.?1Q 
7.?~0 

2121 
2?22 
2?. :n 
7./24 
2?25 
2?.2~ 
1.'J.21 
17.28 
?./?.9 
:1.?.~0 
2231 
1/J?. 
:~' 3) 
2234 
:iD35 
2236 
7.::!37 
~:nB 
1. 1' 39 
2 2 4() 

9 5.72l6720E•11,•6,0455911~•11, 6,)86t222~~11,•6 1 7461497!•11, 
1 7,1265~24E•1l 1 •7,5279775E•11, 7 1 9512249!•11,•8 1 3911ll7t•11/ 

OATA W2/ 
1 8.9~~8961E•11,•9,362\900E•11, 9,R851764E•11 1 •1,0438ll9E•tO, 
~ t.t024n87E•10,•t,t6446BOE•lO, 1,2l (~1q79E~t0 1 •1,2997~46E•10, 
3 1.3733244E•10 1 •1,45t036lE•10, l 1 53~ o 772E•10,•1,6196550E•10, 
4 1,711013o~~to,•t 4 8074?.57E•10, 1,9 091 921E•10,•2,0166l06E•10, 
~ 2.t300756f.•10,•2,249B755~·10, 2 1 176J9J6E•10,•2,5100098E•10, 
~ 2,n5112S08•10,•7.,800\h16E•10, 2 1 Q~7 ~6 9tE•10,•3,12391l7E•lO, 
7 3,2Q94314E•10,•3,4a49209E•10, ) 1 A n0R5? 9E•10,•3,8B7~042~•10 1 
~ ~.10639H2f-•10r•4,3J71666~~10, 4 1 ~ib 1105~f.•10,•4,83~604 9E •10, 
Q 5,110572G~•20,•5,3)77b72~•10 1 ~,7011A37E•10,•6,0215516~·10, 
1 6,J~0127~~·to,-6,7175964~Mto, 7,o q~s o2~~·10,•7,494260t £•10, 
' 7.~t6,n?~~~to,•8,3~0~ 9 ~0E•1 0 , 8,~3171iOE•10,•9,3270J30~•10, 
1 9 ~ ~51J74qE•1o,•t,0404 5 0~E~o9, ,,o ~ 9~7 3t~·09,•t,t605442~~o9, 
4 1,?26739t~•09,•1.29,2 9 05 E - o9 , 1, 3A~, ~ 77~·09,~t,44?99t2r.-o9, 
~ 1.S29nt61~•0Q,al.5077 524~ - 09 , 1.7 0P~ 99~E •09,•1,7 89 0471 E •09 1 
~ 1.91~90hR~•09,•1,~RS711h~u 0 9, ~ .1 ;Q!h08~•09 1 •2,1926779E•09, 
1 ~.431?6 ~ o~"oq,.~.l95904~ E - o9 , 2,7 87?. ~ooE-o9,-2.561059~E-o9, 
8 l.77h~JtR ~ - o q,•2,60R294 o r.- 09, 4,02 h J453~·09,•2,3560563r.-o9, 
Q 5 1 ~1765~4 ~ •09,•1,39~0161E· 09 , 7, 770A 747r.•09, 1 1 18~J546~"09 1 
t t,2760~5t~•OR, 7,42647 0 7~"09, 2,3 34~ 187E~oo, 2,1869851E•OB/ 
D~TA W3/ 

1 4 . n30~744E•Oe, s . 463t~~~E-o a , 9,~7 n 3087E•OR, 1,2823337E~o,, 
2 2,CAJ2Rt2~-07, 2,92R054 0E • C7, ~~ ~ ~H O BB~E~07, 6,59924)7E•07 1 
3 S,0056 8 15E •06, 1,477 9 183 ~ ~06, 2,22 ~ 4l35E•06, 3,2994~n4E•06, 
4 4,9~R~R2J~~06, 7,154~~73~M 0h, l,1 00 1 0~ 3 E • 05 1 l,6]805)9E•05, 
5 2,4469~ snr. ·o~, 3,&4fi~2~ 6~ -o ~ , ~.4111~7.7~-o~, B,t17672 bE ~us, 
6 1,2111H2 P~ • C4 , 1,80o6494~- 04 , 2 1 ~ 9~ ~ 6 09E•04, 4 1 020228 9E •04, 
7 5,qq6999~E~04, H,9~37312E~04, 1, 3338 166E•OJ, 1,98 8 6697E~03, 
8 2,9~43q41 ~~o~ , 4,41~ g9 23 ~ · 0 3, ~,~77~5tR~-o~, 9,78 5 5t0 5E •03, 
Q 1,4 ~ 3 9 1bt t • 0 2, 2,!5,~ 670~ - n~ , 1,1871A64E•O~, 4,69 0 l518 E~O ~, 
1 ~.A559S1 ~~ · 0 2, 9,9170t52~• U2 , 1,4! ?o 770E~ o t, 1,9610A35~•01, 
2 2,~tQ2 &03E • O t, 3,27~3321 E •01, 3,6 407406~ ~01, 3,t257~59E•01, 
3 9,01~0thRf.•0'-,•3 ,h0510 39 E•0\ 1 •~ 1 63 ?.4760r. • 01 ,•8,1178720 € •01 1 
4 S,2205241f.• 0 1, 1,5449973E t00,• 1,! 8 1793JE+00,•2,6759896E•01, 
~ ~,0869 20 J ~ • Ot ,•b,2757t~ 9~ ~ 01 , 3,4 ~A26 1 0E • O l,•1,5~85l04E• 0 1, 
6 7, 04 72q84 ~ • 02 ,•3,\fi24 4~2[ • 02 , 1,4 RQ4 06B~• 0 2 1 •7,4821176E•03, 
7 4. 0035~36~~0 ) 1 •2,2~437R 4~ · 03 , 1,3 !5035A~ • 03 ,•7,B636604E•04, 
8 4,765R7~5f.~04,•2,9125817 E•04 , 1 1 7 AA5 ,05~• 0 4,Q1,1~124t6~•04 1 
9 6,791 033~~-o~ ,-4,1914 0~4~~05 1 A 1 5 8~ 1S44~·0~,•l 1 598~851E•05 1 



CX> 
0\ 

2?.41 
2242 
'-?.4) 
2?44 
2?45 
2?.46 
?./.47 
2748 
2~· 4 9 
~750 
27'31 
:?.?S2 
?.?~3 
~ ':! 54 
2 ?.5 5 
2 :.!56 
2<'57 
:.l/.58 
22!39 
21,;0 
~ :: 61 
1? b2 
2 £. 1>3 
2 ?.t) 4 
2 '.: 6 5 
:2/~tl 
27.61 
2/~B 
2 ?. f)IJ 
7.1. ., 0 

') :! 71 
2 :q2 
2~73 
1!?.14 
27.75 
2276 
27.71 
2?.78 
2?.79 
22AO 
21.~! 

1 9,8751880~·0&,•6,1008526!•06, 
DATA W41 

1 1,4l8A425~•06,•8,8899l53E•07, 
2 2,096B284E•07,•1,29554)7~•01, 
l l,05577ttr.~oA,•1,8A80]9or.-oe, 
4 4,453342JE•Oq,•2,75t56~6~~o9, 
5 6,4904~67~·tn,•4,010i999r,.to, 
6 9,4~00354~·1t,•5,945llt4~·11, 
1 1,J793~6 0~ 41t,~8,S2~1.6~~~-1~, 
8 2,onQ76ij9~•12 1 •1,24o5412~w12, 
~ '-,90R49~1E•13,•1 1 7~23661g•13, 
t d,2025o~o~~14,•2.111~7l1~·14/ 

C••SSENDATA 
c 

n.tMENSION KEYC26~),S~V~(~66) 
1 f (tJ r: w ) \ o, 3 o, 1 o 

10 t.A (;~. J 
XO=•X•l8,104S5704 
no 2(') u~:a1,2"6 

20 ~F.YClR)~O 
30 L.I\G=IJAti+ 1 

RLAGfl=O,O 
CMAX:O,O 
L~O 

Af\.SIGN 110 TO M 
IJ:t 91 
GO TO 200 

110 C~AX=AMAX1CABS(C),CMAX) 
I=I+1 
IF(IrL~.208) GO TO 200 
lF(CMAX,EQ,O,O) GO TO 150 
C M A X= T L1 Tj * C M A X 
A~SJGN 120 TO M 
1=190 
r.o •ro 21)0 

120 XY(~B~(C),L~ 1 CMAX) QO TO 110 
!&!1'11 
!f(I,GT,O) GO TO 200 

lJO ~SSIGN 140 TO M 
!•209 
GO TO 200 

1,769254~!•06,•2,]28795]!•06/ 

5,4926991E•07,•3,39l7048E•07, 
~,001 6 l36E•08,•4,9457l71E•08, 
1,16h5454r.·o~,•7,207642SE•09, 
1,700J092~•09,•1,0504494f.•09, 
l.477~76JE•10,•1,5lt0321~•10, 
J,~11Q40~'-•11,•2,2l200~n~~tt, 
~,267Sl02E•1l,•l 1 2~43076~•12, 
7,6~ JOSJ pg•11,•4,7191~1. 9~~ 13, 
1,t01R94~~•1l,•6 1 7995902~•14, 



co 
-......! 

~282 
2?.8) 
~~?. g 4 
2'-IJ~ 
~ ?.e6 
2?.ij7 
2?.BA 
2?. ~ ') 
2?.90 
2?.91 
2?.92 
22~3 
2:?Q4 
2:'9~ 
2 :~ g 6 
'1797 
2?.tiB 
2?99 
2100 
A3ll1 
2 '! 02 
~"'03 
2304 
~nos 
23 1)6 

2'07 
2,()g 
~~ 0 9 

2 .'it n 
2H 1 
2 ~ 12 
2 31 J 

140 IrCABSCC)eL~,CMAX) GO TO 190 
1"1•1 
Ir(I,LE,266) GO TO 200 
r.o TO 190 

150 ASSIGN t60 TO M 
f:£1 
(';0 TO 200 

160 1r(C,EU,Oe0) GO TO 170 
Jci+1 
Il"(!,t ~ E:,190) GO TO 300 

110 ASSIGN 1RO TO ~ 
1•266 
Gl".l TO :7.00 

180 IFCC,EQ,O,O' GO TO 190 
J:x•t 
IF(l,GE,209) GO TO 200 

190 RF:TUR N 
c~·sTORg/R f- TRl~V~ RQUT!~E COONE INtr-RNALLY TO SAV£ CALLfS) 
~00 LOOK=I+L~G 

tn=r~oo K t267 
tR::zM U D(L001<,2~7) 
I P' C I H • ~~ f) , 0 ) IRa 1 
IfH)lJL=I0*2~6 
I F c K f~ v cr JO , r IE , I RoLL ) Go To 2 2 o 

210 CzSAV~CXR)*WT(I) 
PLAGf1=-·Rt,AGr1 +C 
r ~ = L+1 
~0 TO M,(ll0~120,140 1 160,l80) 

220 ~~Y(IR)c i R O LL•IR 
SAVECIR).::rtJNCP:XP(XO+P"LOAT(LOOK)•.20)) 
r.o TO ?.10 
END 



2J14 
2:1~5 
2H~ 
2J17 
2'18 
2 :H9 
2J20 
2 ~ 2 1 
;!l22 
2323 
'2:q4 
~ 1 2!5 
2)26 
'}. ) "17 
2~29 
2329 
2~30 
2 ~ 3\ 
l332 
2 .n3 
2)34 

(X) 2 :05 
00 2 1 3fl 

2 ~.n 
2ll~ 

2~3q 

'. .~ 4 0 
2HS 
2~42 
21 ·D 
z,4~ 

2)45 
2,4~ 

2~~7 
2348 
2~49 

2 3 ~0 

~1~1 
2~'52 
2 '1 ~, 

COMPL!X FUNCTION ~LAGHO(X,rUN,TOL,L,NEW) 
C••*** A ~~ECIAL L~CGr.O• CONVOLUTION M~THOD TO COMPUTE TH! 
C INTr.G~AL FROM 0 TO INFINITY OF "FUN(r.)•JO(G*Al•OG" OEFtNr.D AS TH! 
C COMPLf:X HANKEL TPANSrORM or ORDr.~ 0 ANn ARGUH~NT XC•ALOG(B)) 
C BY CONVOLUTION rtLTgRING WtTH COMPLEX FUNCTION "YUN~~~ANO 
C USING ~ VARIABLf CtlT•OFY METHOD WTTH ~XTENnEn fiLTER TAILs,,,, 
c 
C••~Y W,t,ANOER~ON, U.S,G~OLO~ICAL SURVEY, DENVER, COLORADO. 
c 
C••PA~AMFT~RSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

rUN(G)ro 

TOL~ 

L• 

• R!: At. ~ RGlfM~N 'l' (a ALOG (B) .~ T C .~LL) or '!'ll!: HANK!:L TRAN SP'ORM 
11 l LAG ll 0 " t 5 tiS E F U L C1 N t~ ':< H H ~ .. H X = ( LAS 1.' X ) • , 2 0 • * * I 1 ~ t 1 

SPACED SAME II S P'I L'l·t:R !J SEn.,. •lP' THIS IS NOT CONV!:N I ENT, 
THEN 5U8PROGRAM "ZH~NKO~ IS ADVIS~D YOH G~NERAL USE, 
(ALSO SEE PA RM INfw' & NOT~S (2)~(4) BELOW), 

E;XT~R~At, rtECLARF:D Cm1 PLf.X fU NCTION NAME (USER SUPPLl!:D) 
OP' A RE.AL ARGUMENT G. 

NOT~I IF PARHS OTHER THAN G ARE REOUtREO, USE COMMON IN 
CALLI NG PRUGRA~ ~HO IN ~UA PROGRAM fUN, 
THF.: COMPLgX ftJNC.TtON F't!N SHOULD ~E A MONOTONE 
D~CH~ASTN~ rUNCTlO N AS TH~ ARGUM~NT G BECOMES LARGt,,, 

fOR Rr-" ~t~•ONLY t'IJNC!.'T DN S, St!BPROG~AM "RLAGHO" IS AOVISEDJ 
HOWP'VF:R, TWO RE.lt, .. fltJ NCTtONS rt (G) ,P"2((;) MAY B! 
I~n:GRA.Tr;O tH l'AkAr,r, E:J.; BY \1!1-(ITING ~'UH=CMPr~XCF1(G),P'2(G)) 

R~~t. Tf1t ?.: RANCr. J::xcrY TF:r> A't' CONVQJ~v~: o TAIL~• .. I 1 P:,, 
1 r r 1r, r i': R • fT 11 N < T n r. • "I a. x , r H 1~ N R r. s 1' n r T A rr, r s r RuN c ATe: o , 
'Tl-4 IS Is DONt AT t\nTH F.:~ll>f> OP Y 1 t~r~:R • TYPIC ALLY, 
Tnt~ <u ,0001 IS lJSll ll U,Y oK••BtiT THI~ DEPnms ON 
T!-! !1.: !l'IINC1 Ion p·uN A ~JfJ pf. ,1 A~I::Tf.R X •, • TN GF:~r!:RAL, 

A " ·CSI'!AT.U!•:R TOL" WILt, tJStlJ\T,t.Y RP:SULT lN "MO~l!: ~CCURACY" 
BUT W!TH • MOR E W~XGijTS " R ~ lNG US ED , TOL I5 NOT DIRECTLY 
R r::t, AT F:D 'fO T RtJ NC AT I OtJ ~~ RP.rl~ , BU't' GENERALLY SERVES AS AN 
A?PROXl~~TlU N INDICAT OR ,, 4 FOR Vt::RY l1ARGC: OR SMALL 8, 
ONE SHOULD USE ~ :'l MI\Lid:.: P TOL 'tH~ N RECOHMENDED ABOVE, t t 

RP:,'itlt.'n~G NO, F! r,Tt:R \o.1T5, USED IN THf. VARIA13t~E 
CONVOLlJ ·TtON (L lH . P r-: ~m t; fl~J TOL AND f·UN), 

HI N • L z 2 0 AN 0 H A X • t, :: t 9 3 • • I·J H I C tl C 0 U L D 
0 C C II R I r T () ~ I ~ V ~: R Y S M ALL A N D I 0 R P'll N N 0 T 0!: C REA S I N G 
V~RY rAST,,, 



(X) 
1.!) 

2~54 
2355 
2~56 

2~~7 
2)58 
2~59 
2~~0 
2Hd 
2 :~6 2 
2 ~f, 1 

4:~64 
2~o5 
~ .)6~ 

2 ~ 61 
2 lb8 
2'H19 
2 -:: 70 
I! i71 
2 37 2 
?,qJ 
2 ·q4 
/,";j75 
1.176 
2 n1 
?. :na 
:n79 
2~tl0 

2 .Hq 
2 ·H~?. 

2 i B3 
2 .1 e 4 
2 ~ 1!~ 
~~H~ 
~ ~ R7 
2lB9 
2 .1 ~9 
I!J9n 
:.D91 
/.3<}2 
2J<n 
2)94 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* NEW-. 1 IS N!C~SSARY 1ST TtME OR BRAND N!W X, 
0 fOR ALL SUBSEQUENT CALL~ WHERE X•(LAST X)•0 1 30 

IS fi.SSU ;~EO INTERN A!JLY BY THIS ROt1TINI!: 1 

NnT~I Ir THIS tS NOT TRUE, ROUTINE WILL 
STILL AS5UM~ X:(LA3T X)•0,20 ANYWAY,,, . 
IT lS THE U~ER~ Rf~PON0IPILtTY TO NOR~ALIZE 
BY COJHU:CT R=!XPCX) OtlTSJDE OF C~LL CSE~ USAGE: BtLOWl, 

THE LAGG~~O CONVOl•tliilJN P.t:T b0D PICK~ UP SIGNifiCANT 
T I M F.: I M P R ~W E HEN T 3 W H E ~ T H F.: K E R ~l ~ L I .c; N 0 '1' A 
S!MPL~: ~Ll!'MP:NT~i1'i rlltiCTToH,, ,ntJI:: TO INTERNALLY SAVING 
ALL KERNt: L rUNCTlO N ~VAf,tJA'JIONS WHEN Nf.W=t, 1 , 

TKEH viHf.N NEW:o, ALf1 PP. f~ Vl0l13JJY CAI,CtJL~TED 
1\ e':R N P:T.S IH T . r~ B£ U .': r:Ll J N THE LAGGED CON VO~UT 1 ON 
W~ER~ Pn5SIBL!, ONLY AOOtNG NEW KERN~L EVALUATIONS 
WMP:~ NEEDFO (DEP [ N ~ S nN PARMS TOL AND FUN) 

C ••THP.: ~F.SUt,T I NG COMPt.F;X CONVOLU'!' i UN SUt.1 IS C. t VEN IN zt,AGJ-tO J THe HANKEL 
P'ROM C TRAtlSfORM IS THEN 'liJJ\GHOif3 W~I\.H lfl TO cir: C.OM~IJTED Af1'ER EXIT 

C THI5 ROUTINF.,,,, WfH.:Ht:; B=EXP(X), x~ARC; 1 ir-!ENT UStD IN CALL,,, 
c 
c"•tTsAGI!:·· "ZJJAGHO" Is c ATJr,r. o AS FOJ,LlJWSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

... 
COMPLEX z,ztAGHO,ZF 
EXTERNAL Zf ... 
~=ZLAr.HO(ALnGCB),ZF,TOL,LrNEW)/0 ... 
tND 
COMPLEX FUNCTION Zf(Gl 
, • ,USF.:H SUP!'t,IfD CnDE, t a 

F.: NO 

C••NOTE51 
C C1), EXP•U Nn ~RrLowis MAY OCCU~ IN EXECUTING TH! SUBPROGRAM 
C Blr.f,Oiol J HoWEVER, THIS IS OK ?ROVtD~D THE MACHINE .SYSTEM SET! 
C A~¥ & At,IJ EXP•UNDERF'LOWIS TO O,Oa .. t 
C (1), AS A~ AID TO UNDERSTA~DING & U~ING TH~ LAGG!:O CONVOLUTION 
C M~tHOD, LET BMAX>cBHIN>O B~ GlV~~. THEN IT CAN BE SHOWN 
C THAT THE ~C1'U f.L Nti~Hf:R Of O'S !S NR=AINT(5,•ALOG(BM.&.XIBMIN))+1, 
C PROVIDED B M AX/B~IN>::t, THE US !::~ Ha y THEN .~SStJME AN "APJUSTE;D" 
C BMINA=BMAX*EXP(•,2•CN8•1)), THE METHOD GENERATES TH~ DECREASING 



?.395 
2~96 
2~97 
2:\~8 

2399 
2~00 
2t..(lt 
'2402 
:?.40) 
~404 
24i'l5 
2406 
21\07 
~-108 
:1, . ~ 0 9 
21\1(1 
2 ·q 1 
2 .. n2 
~~ 41 3 
/. 4 14 
2 ·1 15 

1..0 i! 11(\ 
0 ~ ~ 1111 

~! 1\ 1 9 
2119 
~ 1\?. 0 
1.112\ 
24?.2 
212) 
j .'\ i4 
2 112~ 

'/\2~ 
~4:Z7 
~ ol:? 8 
]<129 
1. nn 
2 1\3 t 
~ ·~)2 
243) 
2 ·134 
:.l ·\35 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ARGUMENTS SPAC~D AS X•ALOG(BMAX),X• 1 2 1 X•,2•2,,,,,ALOG(8M1Ml) 1 
roR F.XAMPLE, ONE MAY CONTROL THIS WITH ' TH~ COD!I 

••• 
N8=AINT(5,•ALOGCAMAX/BM!N))+1 
NR1:NB+t 
XOnALDGCBMAX)+ 1 2 
NE:W:1 
DO 1 I=NA,1 ,•1 
x=xn-,2•(NtH•I) 
A P G ( I ) =~: X P C X: ) 
ZCIJD1.LAGH0(X,ZY,TOL,L,Nf.W)IAR0(I) 
Nf.W:cO 

••• 
(l), lr RESUtTS AR~ ~TORED IN ARRAYS ARG(I),Z(l),Iat,N8 FOR 
ARG IN (B~INA,AMAX), tHE~ TH~SE AnRAYS MA! BE USEDr FOR !XAMPL!, 
TO SPLIN~•lNTERPULATE AT A DI,FERF~T CLAHG~R OR SMALLER) 
SPACING THA~ tJS~D IN THE LAGG~n CONVU~UT!ON METHOD, 
(4), IF l niFF~M~NT RANGE Of B IS DESIRED, TH~N ONE MAY 
ALWAYS RESTART TH~ AAOV~ PHnC!DURE IN (2) WITH A NEW 
8MAX,SHtN AND 8Y SETTING NEW=l,,,, 

C••JO·~XTEND~D FILT~R WEIGHT ARR~YSt 
C NOT~t A~SC!SSA CoRRESPONDING TO W~IGHT IS GENERATED 
C TO SAVE ~TnRAG~, 

D!HEHSinN ~T(t9l)rY1(76),Y2C76),!JC41) 
EOUIVALr.NC~ CYT(1),Y1(1)),(YrC77),y2(1)),(YT(15l),YlCl)) 

OlTA Y1/ 
1 ~.8565723E•08, 7,lt43471E•1l, 4 7,8J95565E~lt, 8~7489547!~11 1 
2•9 1 9007A11E~11, 9,A790 U S~~·l1,-9,8h7~347E•11, 1,1118797€•10, 
!•t.Q893471E•1n, 1,254l400P.-tO,•t,197 9 399E•!O, 1,.2007~7F.•10, 
4et,3l06 ~4 1E•10, 1,615J~?9 E •1 0 ,•1,~?3 R60 ,E•10 1 1,8486236E•10, 
5•1,~315381E•10 1 2.1ll975~E~10,•\,623P\15E•~O, 2 1 48~4144E~10 1 
6•1,6~50~7AE•10, 2,9~41 8l lE•1 0 ,•l,A 909102~ •\0 1 3,493436bE•lO, 
7-1,60437 3 9~•10, 4,24110A1~~ 10 ,•,,3 &900 0,E•!O, 5.2458440E•l0 1 
e.A,Q94~09~~~1t, 6,61R82?.0~~to,~~.6°6403~r.•12, ~,5216t51E•10, 
9 1.1222770~•10 1 1,t219~00~·09, l 8 5~Q14~~£•10 1 l,5061956E•09 1 
1 7,n7953A2~~1o, 2,0600379Eu0 9 , 1,25J~947~•09 1 2,964661JE•09 1 
2 2,0?0!?'5~·0~, 4,010Q10lE~09 1 J,l 5 ,7AB6~ft09, 5,7687700E-09 1 
3 5.29]n78~E •09, 8,lt6433RE·09, R,202tROq~·09 1 t,,0836l5E~08, 
4 1.25l7400F.•OA, 1e76~630lf.•08 1 t,91il995E•08 1 2,59530Str.~oa, 



\.0 
w 

2518 
2519 
2520 
2521 
2~22 
2'i7.3 
2:) 2" 
2!'2~ 
:2!\2ft 
2 ~ ?.'1 
~ ~ 28 
2r:. 2q 
2 ~· 30 

2"3' 
7. 5 32 
] ~ .0 

2"· )4 
:l ~35 

:1. ~ 36 

2Sl7 

GO TO 200 
180 Ir(T(l)~EQ,O,O,AND,T(2),EO,O,O) GO TO 190 

I•I•\ 
trCI~GE~147) GO TO 200 

190 Rfi:T.UR~ 

c~•5TORE/RET~I~VE ROUTINE (DONE XNTERNALLY TO SAY~ CALLIS~ 
2 0 0 JJ n 0 K ~ t +Lb. G 

IO=LOC1K/194 
!R=MOD(l,OOK, 194) 
! f ( 1 F, ~: I), 0) I R•1 
I ~ 0 lJ t. = Hl * 1 9 3 
lfi"CK!:: V(lRl,t,P.:,IROLt·) GO TO 220 

210 C=S~VF.(JR)*YTCI) 
ZLAG HO=ZLAGI-!O+C 
TJ =L + 1 
G0 TO M,(110,120,140 1 160,180) 

230 1\F.YCTR)ciROt ,f,+JR 
SAVf.(TH)=rUN(~XPCXO+FLOATCLOOK)*,20)) 
GO TO 2t.O 
END 



25 .JA 
1~.39 
2~ 40 
2~~1 
r"\1\~ 
2~43 

2~44 
2~45 

~~4~ 
21;. 47 
2 ~' 4 B 
;?.'\4q 

2,50 
2 5 51 
21)5'-
2!'S3 
2554 
2~i !:)5 
2~~n 

2~57 
2~ ~j 8 

0..0 2S5Q 
+:-- 2~H,O 

l.~fl1 

2~62 
2')b) 

2~&4 
2"i6~ 

7.~66 
25b7 
?.~6~ 

1."·6~ 
2:;70 
2~71 
2!'72 
2573 
7.574 
2575 
?.~76 
i:!) 7 7 

COMPL~X fUNCTION ZLAGH1(X,FUN,TQL,L~NEW' 
C••••• ~ SPF.:CI~L LAGGF.:D• CONVOLtiT!ll~ ME:THtlD TO COMPUTE TH! 
C INTEGRAL rROM 0 TO INFINITY OF ~~UN(G)•~1(G*B)*DG" DEFINED AS TH! 
C COMPL~X HANK~L TpANSfURM OF 0R0fR 1 ANP ARGUMENT X(•ALOGCB)) 
C BY C0t-l VOfJUT lf1N fi yt, Tf.P.l NG W l TH C O~ P l.P.:X ~ tJNC T I ON "FUN""~ AND 
C U~lNG ~ VARIABLE CllT•OF'F' ~P:THoD Wl1'H EXTENDED FILTER TAILS•,,, 
c 
C~·~Y W,L,ANDERSON, 
c 

U,S,t:EOLOGlCAL S\JRVI':'t, Dt::NVEP., COLORADO, 

C••PAR11"1~TE:RSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

rUN(G)m 

TOL• 

t• 

J1 PEAr, ARGUMENT C ~KA LOG ( i\) AT C: ALL) OF THE HANKEL TRANSFORM 
11 Zt,~GH1" IS USP.:f'Ut1 O i~J~Y riW:.N X•CLAST X) .. ,20 *** leE11 
5~ACED sr,Mf: Afi FlLTf.R tJ.C;F.n""•lr THIS 15 NOT CONVENIENT, 
THE:~1 SUAPRCJCiRAH 11 7..HA"lK1" rs ADVlSF:O f'OR GF.:NER-'L USE, 
(ALsO S~~ PAPM 'N~Wt & NOT~S (2)•(3) k~LO~), 

EXTERNAL D~CLARED COMPLEX YUNCTtON NAME (USER SUPPLitD) 
0 F' A REA JJ A R G '.1 ~EN T <i ~ 

~OTE' IF' Pl'.RMS fJTHF.:R THAN G A~E REQUIRED, U8!: COMMON lN 
C A I1 I1l ~J G PH 0 G 1-\ A 11 A N D HI S II P. P R 0 (j RAM FUN , 
THF.: C.:OHPI ,fl. X f'llNCTli)N ~· IJ~J ~\HoOLD BE A MONOTONE 
orr.Pf:~:-;I~G ['UNCTION AS TH~ ARGtJME~JT G BP:COME5 LARGE 1 1 , 

fOR PP:A.t,•ONtJY rt.lNCl'!ONS, ~\I~PPOGRAM 11 RLAGH1" IS AOVtSEDr 
HOw~VP.:R, TWO fU:AL.-f'tJNC:TJUNS Ft(G),F'2(G) MA:t B£ 
lNTF;GRA'l'EO IN P.ARAJ.t. ~ : L RY ~ : RITING P'UNc:CMPt,X(fl(G,raCG)) 

R fA tJ T ll f 1!:: R J\ N C ~ to: X C. ~: P 'l' F IJ A 1' C 0 NV 0 LV r: 0 T A I lr S • -.1 1 E 1 1 

lr P'IT~1 ' ER•fiJN<T O J . ~ • I.~. x •• ~ · Hf.N REST Of TAU1 IS TRUNCATED, 
T H 1 5 t S D 01', E A 'f tl n 'I.' H F: fl r'l ~ 0 f F' I L T r. R • T Y P t C ALI 1 Y , 
TM1 <:: ,OOC'It IS tl.StJ,'\:.,r, y nK .. •BUT THIS DEPF:NDS ON 
THT-: P'liNC'f' I !1N f'lJN ;\ :m ? .~. r: T. t1f::'f P.R X •, 1% N G~NER~L, 

A "SMALLE:f~ 't:'OI~" \dLTJ t;:5tJ:\l.,LY ~ESUL,T Irl "MO~E ACCURACY" 
SliT WJ'l'H "1-10 ~ !: WEtGH T~;" Hi. : Ii-lG U~H:r>, TOJ, IS NCJl' Ot~ECTLY 
flEtd~'\'El> TO TPIJNCA'l'lf.11J ER!-<rJR, nUT GEN~;~,L.LLY SE?Vf.:S AS AN 
APPRO:{IIfATHH.: INDlCA TIJR,,. p·o~ VERY !1ARGf:: DR SMALL 8 1 . 

ONE SHOll!,!) IJSP: A Sl· i A ~.l , ER TOL THJ.,f.l RE;Cr:lMMENDP:D ABOVE,,, 
R r. s u L,. 1 N G No I f- IIJ T ~ ;{ wr s 1 usE o IN THE v A R I ABLE 
COtJVOf,t:TtON (L DEP t: t1DE r1N TnL AND fUN), 

MIN.L=15 AND HAX,l,::1.)6•··~1 P.JCH COltt .. O 
DCCIIH IF TOL lB VF. HY 5!1AJ .L AND/OR FUN NOT DECREASING 
VE~Y FAST,,, 



2S78 
2~79 

2S80 
A!SH1 
j!~A2 

2~A) 

2~H4 
2~85 
2 ':- q6 
2 ':1 117 
2 :S R8 
2 !:1 89 
2r., q() 

~ ~; q 1 
~': 92 
?.~93 
~~; Q 4 
?. ~) 95 
2ti9~ 

~ 1i 97 
?. !i 9 8 

\.0 25 9? 
Vl 

:?.~ t O 0 
2n01 
2602 
2rr, o J 
2ti04 
2605 
?~Of.~ 
2r.o1 
2"0~ 
~~Q() 

2610 
2~11 

2t~12 
2h13 
2h14 
2fl15 
2~16 

2~17 
2618 

C • NtW• 1 !S NF.eE~~ARY ltT TtHE 0~ BRAND NEW X, 
C 0 roP. ALL SUBSEGU~NT CALLS WHER! X•(LAST X)•0,30 
C IS ASSUM~D lNTr.RNALLY AY THIS ROUTINE 1 

C NOT~I Ir THIS JS NOT TRU~r ROUTIN~ WILL 
C STILL A5SUME x~CLA5T X)q0,20 ANYWAY~ •• 
C IT tS THE USER~ Rf SPOHftUIL!TY TO NORMALIZE 
C 8 Y r. Cl R R ~: C 1' D = f. X P C X } 0 11 't S 1 n E 0 r CAt, IJ C Sf. 1:: US AGE 8 E L 0 W ) 1 

C TH~ LAGGEn CONVOLUTION ~ ~ THOD PICKS UP SIGNIFICANT 
C T l '~ f. H IP R G V f: t-1 EN 'l' S 'ttf~ r;),; 1 ! 1 e: K £ fHJ ~ 1, I S N 0 T A 
C SH~PL£ EJ , E~H:t" 'l'AR't i·' UNC!lC.' ~•, ,nUf. TO INTERNALLY SAVING 
C ALlJ !U~P.N~I. trtiNC'TtQ ,'I f':VT~ t.UATTONS WHfo:N NEw:t,, 1 

C T~~: ~J WHEN ~Ew:c, AT ,J, PP ~~VIOUSLY CALCUI,ATEO 
C Ktr!HJ~i . S WlLf1 8E llS ~:.r' Jr i THJ!: LAGGED CONVnLUTllJN 
C W H~R E POSS 1Bt.E, f"I !HJ Y An n X rvr. NI:.W KE:H!H.: L EVALUATIONS 
C WHEN N~P.:Dr.l1 (DEP ~ : tiOt; ON PARMS TOL AND f'UN) 
c 
C••TH£ P~SULTING COMPI.~X CONV0LUTIDN SU~ tS GIV~N IN ZLAGH11 THE HANKE~ 
C TRANSfORM IS THft.J Zt.l\GH11H \o;~JC ~I IS TU l' t: COMPUTED AP'TF.H E;XIT F'ftOM 
C THIS R0l11'INE ·,,,, WJ.{f.RE B=~XP(X), ;<::::AR C~ ti~ ~ ENT USt:D IN CALI.,,, 
c 
C • • U ~AGE • • " Z LAG H 1 " I 8 C A L l1 ED AS rUt. L 0 W S t 
c • · •• 
C COMPL~X z,zLAGHt,zr 
C ~XTERNAL Zf 
c 
c 
c 
c 
c 
c 
c 

••• z :zs Z LAG H 1 ( .l. L n G C B ) , Z F , T 0 L , lr , NEW ) I B 

••• 
END 
COMPLEX FUNCTION tr(C) 
,,,US~R ~UPPLIED COOE,,t 
(NO 

c 
C'••NOTESi 
C Cl)t EXP•UNDERFLOWIS MAY OCCUR IN EXECUTING TH~ SU~PROGRAM 
C ~ELOWI HOWEVF.R, THIS IS OK PROVIDED THE MACHINE SYST~M SETS 
C A~Y ~ ALL f.XP•UNDF.RFLOWis TO 0,0,,,, 
C (2) 1 AS AN AID TO UND~RSTANDING & USING THE LAGGtD CONVOLUTION 
C ~ ~ T H 0 0 , L F.: T AM A X>" 8 1-H N > 0 8 ~ : G! V f. ~ , T H F. N IT CAN BE S H Q W N 
C 'P·I.~T TilE: Ar.TUA.L ~JUHBr; R o~· ~ rs IS ~t-!3P.. INT(5,•~LOG(BM.l.XIBMIN))+-l, 
C P R 0 V I IJ E 0 B M ~ X I U M 1 N > :r: ! , T ~! P: tJ S n~ ~A y THEN ASSUME AN " AD J tJ S T E 0 • 
C AMINAo8MAX*~XP("t2*CNB~1)) 1 THE ~ETHOO GENERATES THE DECREA81N~ 



2619 
?.620 
21'i21 
2~22 
7.r, 2 J 
~~24 

2~2~ 
~ 6 26 
'Jf)}. 7 
2~2P 
:.Cft 29 
2fi30 

2"31 
:16)2 
~fl 'l ~ 
2634 
2~35 

~! f) 36 
~ , 31 

~l'i38 
2 (i 3 9 

1.0 
()'\ 2;.,40 

i! ,, 41 
:l (14 2 
2 ~ 43 
~ A 44 
~U> 4~ 
2f. 4 ~ 

2 ~' 41 
2t· H I 
2 r' 1 9 
~f. S 0 
2 !, 5 t 
2"!>2 
2 1) 5) 
/. t'i 5 ~ 
/.fl55 
2~56 
~ f; r;7 

2115 8 
2F!59 

c 
c 
c 
c 
c 
c 
c: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ARGUM!NTS SPAC!O AS X•ALOC(AMAX),X• 1 2,X•,2•2,~,,,ALOG(BMlNA) 1 
roR EXAMPLE, ONE HAY CONTROL THIS WITH THt COOtl 

1 

t t I 

NB=AINT(5,•ALOG(BMAX/BM1N))+1 
NB 1 =~i B+ 1 
XO=ALOG(BMAX)+ 1 2 
NEW:t 
DO t IcNB,l, .. l 
x=xo•,2•<N~t·I) 
A R G ( 1 ) a r~ X P ( X ) 
Z ( I ) = Z LA<; H 1 ( X , Z r , T 0 L d, , N 1:.: W ) I A R Ci ( I ) 
NE~=O 

••• 
(3), IF Rf sULTS ARE STORED IN ARRAYS AAG(l),Z(l),Ial,NB FOR 
ARG IN CRMl NA,tiMAX), THEN THES~ AR RAYS MAY BE UStO, rOR EXAMPLE, 
T~ SPLINE•l~TERPOt,~T E AT A Dlfr EREN T (LARGER OR 8MALL~R) 
SPACING THA N US~O IN THE LAGGED CONVOLUTION METHOD, 
(4), IF A o irF E ~~NT RANG E nF B IS DE~IR~o, TK!N ON~ MAY 
ALWAYS RESTART TH~ AROV~ P nOCE DU R ~ IN (2) WITH l NEW 
SMAX,RMIN AND BY S~TTING N ~W= 1, 1 , 1 

C~•Jt•EXT~NDEO riLT~R WglGHT AHRAYSI 
C NOT~I A H SCIS~A CORRESPONDING TO W~IGHT IS Ge~ERATED 
C TO SAV~ STORAGE, 

DtMENS10~ hT(236),Wl(76), W 2(76), ~ )(1h),W4C8) 
f. n () 1 V .A. L F.: N C F; ( ~ T ( 1 ) , W 1 C1 ) ) , C W i'C 1 7 ) di 2 ( 1 ) ) , ( W T ( 1 5 l ) , W l t 1 ) ) , 

i CWTC229),W4(1)) 
DATA W1/ 

t•B-8863k05f:•10, 
2·1, 3 1.23 ~ 0Q8•09, 
3 .. 1 • 4 ~ 2 '7 4 ., r; 1-:. 0 q , 

4-1,4735606f.•09, 
~.t,5t0261~F.•OQ, 
6 • 2 • (I 4 1 2 7 5 J ~: • 0 9 , 
7.4,C'>940t77.E•09, 
e.9,7514701f.•oq, 
Q•2 1 4126297F: •OR, 
1•6,005t116E•OR, 
2. t • 4 9 t 9 9 9 n: .. o 1 , 
l•3,6915J9~E•07, 

1,1293B11 E •09,•1,2 05 0B72~•09 1 
1,3642193~ ~ 09,~1, ;9~ 9~39~•09, 
t,4SBose2e ~ o9,•1,1 ~H 2~6l~~o9, 
t,471987o~-o~,~1,4 7 ~1J9J~~o9, 
1,56677~1€~09,•1 1 6 6 ~~522E•C9, 
2,3595230gwo~,.2,7An1077'-•09 1 
s,o57toss~.o 9 ,~6,1ri01t09F.•o9, 
1,22676]9[•0 3 ,*1e5 1121 09E•09 1 
J,057687.9 f. ·0 ~ ,~3,R Oh 0204E•08, 
7,67B7475 E~ OP,• 9 ,4 700 993E•09 1 
l,9392737~·07 1 •~ 1 ~ 46 478~E•01, 
4,9413BOOE•07 1 •5,7 5 ~4168E•01, 

1,2696232!:•09, 
1,4225941E•09, 
1,4731.179£•09, 
1,48:7.821.5E:•09, 
1,St72900P.:•09, 
3,J~92e1S1.:•09, 
7 1 P2 6946U:•09, 
1 1 93399l4E•08, 
4,842l732E•O~, 

1,219'-84U:•07-
3,0911117P.:•07, 
7,9101529!:•07, 



2fl60 
2f-61 
2f\62 
2fl63 
21ib4 
2 ri 65 
t •)56 
7.A61 
2"-68 
j ~ F,q 

2~ 70 

26 '11 
;? ~. 7 2 
?. ~7 3 

21". 74 
;tl', 7S 
2 ~ 76 
2f) 7 7 
/.67A 
'}J,1'f 
2680 

1..0 2 ~8 t 
-....J 

26~2 
7 ·',9 3 
2 rd~ ~ 

?, fd~ ~ 

2 ~. A6 

2~B'7 
2 fl&i ~ 

ifl89 
269() 
2~9t 

2 ~.92 
2~9) 

2'·9· 
2FJ95 
?.f19 {) 
'}11.97 
~ fl 99 
2699 
2 'i 00 

4-8 1 9~02918E•07 1 
~-2.t069199E•06, 
6.4,~0S995~E·O~, 
7•B,20106t9E•O~, 
8e3,991~0J~f.·O~, 
9 7,1023760E•O~, 
t 5,B623,A0 ~ •04, 
O~TA W?,/ 

1~l794292!•06,•1,l811469!~06, 
l,4103188£•06 1 •3,t584461E•06, 
9,5561672~~06,•~,4142~5SE•06, 
2,9945217~•05,•8 1 ~3~8466EP06, 
~,7273 f.1 2E~os, t.51.2n520~•05, 
~,6620099E~04, ~,?. 05 ?9~8~•01, 
1,5276779E ~~ 3, 1,4~3971@~•03, 

2,0789668£•06, 
5,6639045£!:•06, 
1,6440205!!:•05, 
5,2l17398ll:•05, 
1 1 861~37~E-04 1 
7,38745l9F.•04, 
3.19303651!:•03/ 

l l,4n40g6BE•03, 6,7790RA2E~03, 0 1 032R420t•01 1 1 1 4484339!•02, 
2 J,~201316L•01. 1 3,0B66143E•OI., 4,010654?E•02, 6 1 4527872E•02, 
' R.428552~ ~ ·0,, 1,1771175~·01, ~~ ~02C90 7E~ot, 2 1 19480 4 3E•01 1 
4 I.,J63610SE•O!, 2 1 4~95051E•01, 1,~ 5 ~~ 100~•01,•5,1060445Ew02, 
5.3,4l7~?22E•01,"2a904~1 1 5 E ~01, 1,t~ A4 736E•01 1 4 1 9253231~•0,, 
6~4.&74859~~·01, 1,~2~09~~ E·01, 1.JJ 485 4JE•02 1 •B,,485252E•02 1 
7 7.974 0 630 ~ ·0~,•6,5934499 ~ ~0?, ~.5 1~"4 65E•02 1 •4,5868721~·02 1 
A 3.A~~19 59E • O ,,•l 1 2q3S~J4E•O?, 2,830lq94E•02,•2 1 447~1'7~•02, 
9 2,t2Sq~4t~•0,,•1,852621SE"02, 1, 618 7037~•02,•!,4159101Ee02, 
t 1,24022 2 S ~ •0?,•1,0A73~26Ev 0 2, 9 , 5J? 2 0 16~•0l,•9,3723743 E •U3, 
2 7,350 6 490 ~ · 0 ~,•6,45 5 ltl6E•0 3 , S ,~ hQ6 335E• 0 3 1 •4,9ROJJ5J [• 03, 
l 4.~752?.t1~: · o ~,·3,~43A703F.· O~, 3 , 37170 2l~~ o J,•2,9o72 B 77.~• 0 l, 
4 2.~ o 7t~''~· OJ ,•7.,l90 8~ 74 E ·Ol, 2,ot7e194~•0l,•l.76H670b~·03, 
5 1,554 0 q9B~• O J,•1,355~ 6 ~~ ~ ·0l, 1 ,t 9490q 9E•03,•1,054l497E•03 1 
6 9,1 6 4197\ E • O ~,e8 1 14 065 9l f.904, 7,1 5 11 55 9E• 0 ~,•b,1Y544~9E•04, 
7 5.5~?9 95 ~ E ~ 0 4,•4.853 0352E~04 , 4,2 h¢]44 6~•04,•3,7470b~ 0~ •04, 
ij 3~2925l)1 ~: •04,•2,~93t3R2 E · O~ , ~,S4~J910E•04 1 •2,7.338147E•04, 
9 1,967 ~ 45~~· 0 4 1 •1,724 7455f. •01, 1,S1 S5 278~•04,~t,3l,~R89E•04, 

1 t.t70t502f.•04,•1,02820~ 6 E•0 4 , 9,0 3~3 135r.•05 1 •7,93H856Ar.•051 
nATA w11 

1 6,975 B4 16~~os,-6.129 6 474f.•05, 
2 4,t s 8~4J~~ ~os ,•3,65 41h 4 0F: ·O~, 
1 2,479t7t~~·05,•2.17 843 9or.o~, 
4 2,4779578 ~~0 ~ 1 •1,~9 8~ 76 5E •O~, 
5 8,8JOH499f.•0~ 1 •7•7~2 06 30E•06, 
6 S.2 5 1 S 89J.f.w 0 ~,•4, 6 t54325F.• 06, 
7 l,t3!3135E•0~,•1.,7514 91t~ ·O ~ , 
8 1.A&67342E•O~,~t,6402B~9E•06, 
9 l,!1~ ~ 2 20~~06 1 •9,778tY 08E•07 , 
t 6,633 50b0~ • 0 7,•5, 8 2 861 13 f. • 07, 
'- ),q 337 ~34 f. • 0 7 , •3,473 A~R9~ ~ 07 , 

3 2,J~61~ 3 1 ~ · 0 7,-2. 0 7013 9 7[•0 1 , 
4 1,403R9 ~AE •07 1 •1,2l33746~•07, 

~.l r.o0 978E•05,~4,73274l6E•05, 
3,1109174E~o~,-2,~214208£•05, 
t. 9~4!R64E •OS,•J• 6~ 1988Ht• 0 5, 
1,14tt426E•0~ 1 •1 1 0027192E•05 1 
6,ij029235€•06,•5,97770~3~·06, 
4, 0~,~ ~s~~~o~,•3,56361ta!•06, 
~.4177?3~~·06,•2,t7.t4417~·06, 
2,4 1 13051~•06 1 •1 0 2664597~•06, 
s. ~9 19028~•07,•7,S494920E•07, 
5,t2133 5SE • 07 ,•4,49984ltl e07 , 
J.o~27.1~9~ · o 7,• 2 ,68t725 0E • 0 7, 
, . atqaot 2E•07,•1,5979545~·o7, 
1,0A3S294~•07 1 •9 1 ~1B5048E•08, 



2'701 
2702 
2~0) 
270~ 
2 ? 0~ 

'i06 
2'?01 
27 0 8 
~~ · 1 09 
2 ") 10 
2'111 
27 1:! 
i. .) ' 3 
2 714 
~ 7 15 
271(, 
7. ·n1 
27 '· A 
~ "! ' · 9 
2 "J 2 0 

"' 
2 ., 21 

co /' '7 2 2 
21?~ 
2 7 ;~ 4 
2 "1 25 
~7?.6 

').727 
2 728 
2729 
~730 

27:\1 
l73' 
2131 
27~4 
2735 
?.736 
2 ·n1 
2 7 ~8 
2739 
2740 
2741 

5 8,~61J184E•OA,•7,l44l411E•08~ 6 1 4505118t•09,•5 1 6641167£•0I, 
6 4.9740428E•08 1 •4,3665572~•08, 3,8J2t109~•08 1 •J,l6167t7t•08, 
1 2,947283~E•OP,"2,5~194]9E•Oq, 2,25?~957E•09,•1,9745353~•08, _ 
8 ,,722335qB~o~,•l,49878~9~•08, 1,3003472E•OB,•1 1 t24005BE•08, 
9 9,67~373QE•09 1 •8,2794192E~09, 7,0 4 3P407E•09 1 •5 1 9509b76~•09, 
1 4,q8R?.40SP.•09,•4,t44l~t3 F. w09, 3,40BM11~~·09 1 •2 1 7712762~•09/ 
OAT~ W4/ 

1 2.2217311E•09,•1 1 7504755Y.-09, 1,34B5207E•09,•1,00809l7E•09, 
2 7.2300RA5f.•10,~4c8860666E•10, 3,0t2141lE•10 1 •9,t649798E•ll/ 

C••$SEN0ATA 
c 

CI1HPU.:X ~' UN,C:,CMAX,~AVE 

nt M P.N~l O N ~~YC236),S~V~(236),T(2),TMAX(~) 
E 0 t.JI VA I1 F: N C C: ( C , T ( 1 ) ) , ( C MAX , T H A X ( 1 ) ) 
!l"(hEW) 10 1 30,10 

10 lJ A\,: •l 
xo=~X•17.0 
J)O 20 IR:st,2l6 

20 K€YCIP)~O 
10 LAG=LAG+l 

Z t, A GH 1 = C 0 1 0, 0 1 0) 
C:MAXc;(O,O,O,O) 
L=O 
A·"SlG!II 110 TO M 
I=8~ 
GO TO 200 

1!0 T~AX(t):AMAXt(A85CT(1)),TMAXCt)) 

TMAXC2)=AMAX1(ABSCTC2)),TMAX(2)) 
ln!+l 
Ir(I,LE.98) GO TO 200 
l~CTMAXC1),EO,O,O,ANDaTMAX(2),EQ,O,~) GO TO 150 
r. M A X= ·rorj •C MAX 
A~ S IGN 120 TO M 
!~85 

GO TO 200 · 
110 IFCAU~(T(1),,LE,THAX(1),AND,ABS(T(2)),~!.TMAXC~)) GO TO llO 

!2!•1 
trci.GT,O) GO TO ~00 

1)0 A~SIGN 140 TO M 
y::qC) 
Gt:" TO 200 



?.4)6 s 2,998395lP;.•oe, l 1 8268B51!•0S, 4,)112&85~•08, 5 ·• &S900751!:•08, 
j!4)7 6 6,S740t36E•08, 8 1 3964288E•OR, 9,8~62l23g•08, 1,2448811!:•07, 
2 4 Je 1 1,47£t44t-tf. .. 07, 1,P50t974E ... o7, 2,2t2929Bf:•07, 2,75242031!:•07, 
21\39 e 3,~o94739E:•07, 4,09;48~8F.·07, cl 1 94t>2S6AE,.o7, 6,1030809E,.07, 
21\40 9 7,~P91£\02E•0'7, 9 1 0fJ39667F;wOi 1 1 1 10H72'7P.•06, 1,35546ooE .. o6, 
~~41 t 1,F~474556fi:•O"-, 2,0?0769f~F.:•Of\, :!,~5?t?.94~•06, 3,013t400E"06/ 
?.A4'- flAT~ Y2/ 
1 -" 4 J • 3,n701690F. .. 06, 4,493410111:•06, 5~~770076£•06, 6,7015208E 11 06, • 
"llll\ 4 1. ~,t71F,989E•OI; 1 9,9q!3Jl20U~•06, t, '219 ·141.5~ .. 05, 1,49o9totE .. os, 
2 ·~ 45 3 1,Rt94JBBI!:•05 1 2,22~9184!:• 05 , ~. 114~~561.p;.os, J 1 3174088Eoo05, 
~4 -l~ 4 4,n4994S'2l::•Os, 4,94867J0f>·05, 6,0 ~ 21440E•05 1 7,3822001E•OS, 
2 t}4 7 s 9 1 (' 14 \ 9 0 7 t>• 0 51 t,t0125 5 2E .. o 4, t. H?~OtH:•o4, 1,6418J37E•04, 
2 _, 4 8 ~ 2.oo6?.'i7nF.•04, 2,4S076fJO[~ .. o~, 2,11 9~n 366E:•04, J,65605B2E .. o4, 
2 (j l\~ 7 4,4h51421P.•04, 5,1'541300E .. o4 , 6~f- ~1 (164nE-o4, 8,1365lB1Ewt04 1 
2<S 50 e 9 • q 3 1 ·1 1 e 6 ~:-: .. o " , 1,213A120F>•CJ.3, t,4 ~/. 1945P:•03r 1,8107657E•Ol, 
2451 9 2 4 211593qf.•O .J, 2,7012675t:; .. nJ, l,2 ·J9 t969~.,ol, 4,0295B17E,.03, 
2~52 1 4,9214?'~ 4~·0), 6,0106700E .. 03 , 1,~ 40~S t9!:•03, 8,9643708E•03, 
2~!;~ 2 1, 09 4 fi 1,0F:•O?, 1,33b5 0 17 f. •02, 1 1 6) t19R5l'::•02, 1,99tO'J07E•02 1 
7. '~ 54 ] '-,42P.9~2 rjJ:o:•O?., 2,96l2896E ..,O/. , 3. 6 0 ., \1 ~ 0? e:. 0 i., 4.397693 6~ .. 0~, 
2~5~ • 5,~'2fl4~1.q~: - o ?, 6,4~651'191E•02, 1,7 t. f· 4144F.:•02, 9,7.91832 4~ .. 02, 
2~56 ~ 1,10fl01i1f. .. O!, 1 , 2 ij 1 t t o 2 r:. o t , t,4543C25E•Ot, 1 , 5 8 3 ?. ?. 4 R ~:"" 0 1 1 

\..0 21157 fi 1,6049214~·01, l 1 4\70064E-01, R,R?B 8 10RE•02 1 •1.t330934€ .. 02, 
I--' 2t\5B 7•1 0 5l31861E•01,•2,9094~70E•01, ~2 ,9 08~ h55E•01,•2,970~834~~o2, 

2 ~5 9 e 3 • 9 cH' '} ~ o t E • o 1 , 1,7?997C5 ~ ·01 1 •4,t 8 S ~t 39E•01, 1,53t72t 6E .. 01, 
2"-60 9 6.5t8495~E•v2,-1,075190bE•01, 7,R e?q S67E•02,•4,fi019124~·02 1 
2t1()\ t 2.530957tE•0,,•1,3904823~·0 2 , 7.A 187 120E•03 1 •4,~190369E•031 
:l ·'l 62 DATA Y~/ 
2461 1 2,~7?90~2E•OJ,•1,607171~~·0l, 9,7715622E•04,~5,9804407F.•04, 
2464. 2 3,6749320~· 0 4,•2.263 ~29 6~· 04 , 1.39n0905E•04,•8,61726tBE•05, 
?.116~ l ~~~212°~7E•0~,·3,?.~67~~~E~o~, '- 1 03 0 420~E•05,•1,2~~3926E~05, 

2·'"6 4 7,74996ll~- o~ ,·4,788243 0E • 06 , ?,~9~~~10~E·0~,•1,827B645E•O~, 
2~67 ~ t. l 29'~'' ~"o ~,·6,977B174E•07, ~.J!13019~·07,•2,fi63775Jr.•07, 

1. ·~ 6 9 6 1,~1~RJ7, f. •01,•t, Ot~A954E"07 , 6,1. n ~ 180 7f.•08 1 •3 1 88t9 969F.n08, 
2 46 Q 7 ~.l 9R5~77.~ · 0~ 1 •1,4 8 t~5?.0F.•O~, 9,t 5b 3774E•Oq,a~,6~7J541E•09, 
2 ~ 70 e 3,4954514E•0~ 1 ·2,t~97 005E •OQ, 1 1 ) 3~3946E •09,•8 1 244714RE•lO, 
2l\71 9 s, o94103J~~tn ,~l,147~b)t~·1 0• 1,94 47 07~~·1o, .. t,201~6B5E~1o, 
2 472 1 7,4241055~"1t,•4,5A714b8~•1L, 2,0343095E~11 1 •1,7513137E•11, 
2 " 7) 2 o,qo4961l~·t2/ 
~ ,, 7 4. C.,.•SSE NOATA 
247~ c 
2~76 cnMPLfX fUN,C,CMAX,SAVE 



2477 DIMENSION Kr.YC193),SAVE(193),~(2),TMAX(2) 
2"78 EQUIVALENCE (C 1 T(1)) 1 CCHAX,TMAX(1)) 
2 ~ 79 IPCNEW) 10,]0,10 
~~RO 10 LAG=•1 
2"Al xo=·Y.•26.l045S7o4 
2 ;t R 2 DO 20 lRrt1,193 
21\83 20 KF:YCIR)-::0 
?. · ~A 4 30 LAG=J;A(i,..1 
2t\R5 zr..AG HO==ro.o,o,o) 
21.~6 C'-~ .a. x=co,o,o.o) 
2 49 7 T; =O 
) r. R A ASSIG~ 110 TO M 
2J4,A 9 1=129 
2 4 90 Grl TO 200 
~ t!. •H 110 T~AXC1)=A~AX1CABS(T(1)),TMAX(l)) 
2 ". 92 T M AXC?.)~AMAX1(ABS(T(2)),TMAXt~)) 
2 ~'. 1)3 !=!+1 
2 •\ 94 trrr,L~.146) GO TO 200 
2t~ 95 I~(TMAXC1),f.Q,O,O.ANO,TMAX(2),EQ,0,0) GO TO 150 
2 ·~ 46 Cl-iAX=TtlJ~•C I-I ~X 
?. " tJ7 ASSIGN 120 TO M 

\.0 ~~qA !~128 
N 2 499 GO TO 200 

2 5 00 120 trcAr~(T(1)) 1 L€,TMAX(1),AND,ABS(tC2)),L! 1 TMAX(2)) GO TO 110 
2"01 t=I"1 
2~02 !F(l«\,T,O) GO TO 200 
2~0) 130 ASS!G N 140 TO M 
2504 t=l47 
1"0~ c;n TO 200 
2C,06 140 tPCAH S (T(1),,LE,TMAXC1).~ND,A85{T(2))~Lt,TMAX(2)) GO TO 190 
2~07 J.:t+-1 
~·· i t)8 l~cr.L~.t9l) Go ro 200 
2'509 Gl1 TO 190 
1!~10 1~0 ~:.SIGN 160 TO M 
2~.\1 tzt 
2~12 GO Til 200 
2~13 1~0 !fCT(t).EQ,O,O,AND,T(2),tO,O,O) GO TO 110 
25 1 4 1=1.+\ 
2'':il !5 tr(l,L~,12R) GO TO 200 
1!~!6 170 A~S!GN 180 TO M 
2517 t:at9.) 



2'742 
2.743 
2744 
2745 
2746 
2747 
2748 
2749 
2 ·,so 
).751 
27 5 2 
2'753 
~754 
2755 
·o s 6 
/. ~ ~ 7 
213~ 
?. '7 59 
/760 
2Hi1 
27t>?. 

\.0 '-163 
\.0 :no 4 

27o5 
2 '766 
/767 
:.:1~n 

2769 
2770 
?.7'11 
2 .,7?. 
2"113 

·~~ . .,.., 

140 tr(ABS(T(l),,LE,TMAY.(1),ANO,AR.8(t(2)),LE,TMAX(2)) GO TO 190 
tE~I+1 

trci,LE,236, GO TO 200 
Gfl 'l'O 190 

150 ASSIGN 160 TO M 
tst 
GO TO 200 

160 Ir(T(1),~a.o,O,ANO,TC2),EQ,O,O) GO TO 170 
I=I'-1 
rrri,LE,85) GO TO 200 

170 ~SSIG~ 180 TO M 
1~236 

GO Tl' 200 
180 IFC!C1),~Q,O,O,ANO,T(2),EQ,0,0) GO TO 190 

Jt:J. .. 1 
Ircr,Gf-,99) GO TO 200 

190 Rl':'l'l1f<N 
C e•ST0Rf: I R F:TP T ~V~ ROUTINE (DONE l NTI':Rt-IALL't TO SAVE CALL t 8) 
2 C n 1, n 0 K ~ I + t , A. G 

rc:.:r,nnr</237 
I R ~ tvi U n ( I, 0 0 K , 2 ) 7 ) 
p•(lP.f.O,O) !R:;l 
I llQI,J ,:q 0*2 3~ 
Ir(K~Y(!R),LE,IROLL) GO TO 220 

2 l 0 c = s r. v p; (! !\) IH-1 T ( I ) 
zr,A<iH t =zL.'\GH 1 ~C 
L::: £, •1 
G n T 0 t-1 , C t 1 0 , 1 2 0 , 1 4 0 , t 6 0 , 1 8 0 ) 

2 2 0 r. E: Y ( I R ) :; I R r}t, L + I R 
SAVf.(IR~=fUN(EXP(XO+FLO•TCLOOK)•.~O)) 
G11 1'0 21 0 
END 



t-' 
0 
0 

2'7'74 
27'7~ 
2776 
2'7 1'1 
2779 
2179 
'-79() 
2 ": Rt 
2782 
7.78) 
2 7 84 
2'7~!5 
27R6 
21R1 
2) R 9 
2799 
~"190 
2'191 
2792 
,1'13 
t1Y4 
27 95 
:Z1'J6 
2797 
~ '7 q B 
t799 
~ ~0 (') 
( ~ 01 

~. ao2 
2P03 
2 ~~ 0 4 
~R05 

4' il0 6 
2'107 
290B 
2A09 
2~10 
l.fl 11 
IR12 
2~13 

COMPL!X YUNCTION ZLAGFO~X,fUN,TOL,LtN!W) 
C••*** A SPECIAL LACGr.D• CONVOLUTION M~THOO TO COMPUTE THE 
C INTEGRAL fROM 0 TO INFINITY OF "FUN(G)*COS(G*B)•DG" OEYINED AS THE 
C COMPL~X FOURI!R roSINE TRAN~fORM WITH APG UMENT XC=ALOG(B)) 
C AY CONVOLUTION FILTERING WITH CUMPtE X fUNC TI~N "fUN"••ANO 
C USING A VAHIABLE CtiTMOFf METHOD WlTH EXTENO ED rJLT~R TAILs,,,, 
c 
C••BY W.L.ANOERSON, 
c 

U 1 S g GEOT;OGICAY., SURVE:Y, O~NVER, COLORADO 1 

C••PA~AME'!' 8 RSI 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

* X 

f'UN(G)~ 

TOL• 

11• 

r.: REAT.J ~RGUI-1ENT ( :r, J,O G C ij ) AT C A!1t, ) OF T~te FOURIER TRANSFORM 
" Z L ~ G r 0 " T S U 5 E ~- tJ r, 0 N L Y \·1 H f: N X:~ ( LAST X ) • , 2 0 * * * I , E ., 
SPACED 8AMf: lR P'!L 'l ~~ R !Jf f.D"' •IF' THIS IS NOT CONV~NIENT 1 
~rHF.N SIIHPROr.RAM 11 Zr ·tJUt!0" I S AY,VlSf.D t ' OR GENERAL USE, 
(lLSO SE~ PARM I N[W t & NU t rS (2)~(4) B~LOW) 1 

f:XTERNAt. OECLARF.D C0 f.1P LF:X fiJ~lCTION NAME!: ( USER SUPPLIED) 
OP' ~ R~AL ARr.Ul-4n' T r,, 

NOTI':a If PAR~IS l iTHI:. R T:l/I N G /IRE RECltllR E0 1 USE COMMON IN 
CAI.LlNG PPOGR~tvl 1-. Nr) H ' f;l BPROGPAH FUN, 
THE COMP (d~: x ~'l!N C 1' T O I-l FU ~J SHOULD BE A MONOTONE 
OF:CRf.ASJNG FUHC1'l0 ~1 AS ·r~ ~~ ARGliH F. NT G BECOMES LARGp;, •• 

FOR RP.:AL•ON[1Y f 'UNC.liO tJS , ::itt ~P~OGRAM "RLAGFO" IS ADVISEOJ 
HOW~Vf.R, 'l'WO RI:.AIJoo ftJNCT !tHi s Ft (G) 1 f'2{G) ~lAY SF. 
INT I-; GRA'T'~~ O IN i'AiHd,V: L AY ~·: Rl't'!NG FUN=C!-iP!,X(I'~ t (G),f'2(G)) 

RF:AI, Tt"JLI::Hfl ti C£ E-.:c t::J• ·q-;1,1 AT CON VOL YEO TAILS • •I. 1::,, 
H' f'IT,T£<.:R•r ' tiN<TI1 t. ~t M /\X, THF: N REST ClP' TAU, TS TRUNCATED, 
':!:' H I g I S 1> 0 N € AT fl 0 T H E: tW .5 0 F' F IJ, T P.: R , T Y P 1 C A L Vi , 
TnL <= ,lJ001 I~ l iSlJI'~L L\' CJK -•BU'l' THl,s Dfo;pF.:ND S ON 
THE F' IINCT!ON P'tl t\ ldW P/\1-IPI F.T ~: R X,,.JN Gf:m;~~ AL, 

A "St1Ar~L~ R TOTJ" l.:T(,f, tiSliAT ,r,Y PESliLT IN "MORE ACCURACY" 
BUT '~TTH "MrlRl': W~: t GH T f. " 1\ i!. PI G Us~; n, Ti lL IS NOT DIRECTLY 
R 1!:: lJ A T P.: D 'l.' 0 T RUN C A T I 0 N f. R K I) f{ , 0 U '!' G EN f< R ALLY SF~ R V E S AS AN 
APPROX!I>l~TtnH l~Dr C:fiHlRr , ~ FOR VERY l.ARGF:; CR SMALL 8, 
o >.J r: d H o '1 L o us t: A s 1-1 A 1J! . P. ;:{ 1' ur, t H A N R F.: c ow~ EN or. o ABovE , • , 

Rf.SIJLTlNG NO, f'ILT i-:~ I~ T S, USED IN THE VARIABLE 
CorJVOTJ UT ION (L r>r..r·t; "-i DS nN TnL ANO I"UN) a 

MIN ,1~::2' ANfl MAX, I,:::. 2 B t .. • i·:H ICH CO ULD 
OCC!IR n· TOI, IS Vf. RY .Cl!HJJt, AND/OR FUN NOT D!:CREA5ING 
VE:RV FA~T,." 



1--' 
0 
1--' 

~914 
2~15 

~R16 
~ G 17 
2818 
2~1~ 
2 11 20 
2 ~' 21 
2 Q ~2 

?. I~ 2 3 
?.8 24 
~f-1 2 ~ 

2 ~ 2b 
~P 27 
4: @29 
4' ~ 29 
j> l=l 30 
~ ~ ,1 

;: ~ 3 a 
:?. fi 3 J 
?. l-l 34 
2 ~) 3 5 
2A3~ 

?. ~ -~ 1 
jlq)~ 

2P:39 
2R40 
2R41 
'Pc12 
:U113 
2 n ·l4 
2R45 
:?A16 
2f.l47 
284M 
2P49 
2f150 
21351 
28'52 
2R53 
2054 

c * N~Wa 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 IS NEC!S~ARY 1ST TIME OR BRAND NEW X1 

0 FOR ALL 5U~~EQU[NT CALLS WH~R! XcCLAST X)•0 1 20 
Is ASSUMED INTE:Rt·JALI1"f RY ~HIS ROUTINE, 
NOTEI Ir THIS IS HOT TRUft ROUTIN~ WILL 
STILT1 ASSII~E Xr.(t,A5 T X/•0,20 ANYWAY.,, 
lT IS TJU: USER~ h r: sru N~i i!\IL!TY TO NOrtMALlZE 
BY CDR!1?:C 7' s~r.X P CX) Oll ~ ' f-.JDI:; or CALL (5EE USAGE B!:LOW), 

THt: J~AG(a: o CONVUL UTl lH-1 f ~> : 'T' H CJO PICKS IJP SIGNifiCANT 
T I t-l f. :t ~ P R 0 V ~.: M'\ N T 5 1:Hl ;~ "l ,. H F. l< ERN P: L I S N 0 T A 
! H IP f,E F:T,F.:M!:~ tl T !I R Y ftllNC 'T' T f'N,., 011E; TO I NTF.RNALLY SAVING 
AT; II i<. EHN F.L !o'"tJ ~ C ~rrcm ~~VidJ i d\TION~ WH EN Nf..W:t,,, 
T H E t 1 W H F. t~ N E \'! :: 0 , fl. iJ 1· P U·~ V l tJ II S L 'i t A L C U 1, .1\'1' f. D 
l'.r:!-l Nr: J~s WH,tl BE lJS r; D I l~ i HE LAGG ED CONVOLUTION 
WH~RE POSSIBI,E: , ONLY ,•, t;nr :JG N~; w KE: RN£JJ EVALUATIONS 
W HE N N E f~ 0 f~ D ( DE P ~'I fJ S 0! ; ~· ARM 3 T 0 L h H D f UN ) 

C•aTHr. Rr.RULTING COM~LEX CONVnt~tJ! !ON SlJM ! S GIVEN IN ZLAGF'O r THE P'OURIP.:R 
C 7.'RAN5rOP.M tS THE:M ZI1hGfO/~ WIHC h l ~ 'J' (I 6 £ CO~PIITED JU' TE:~ J:~XJ:T FROM 
C T H t 5 R rJ U T I PolE , , , , W H ER~ 8:: EX P ( X ) , X= l\ R <; :lid :: NT US~ 0 l N CALL , , 1 

c 
C• .. tJSAGJ:.: • .., "ZLAGF'O" IS CALL~; o A5 P' Or. LnWst 
c • · •• 
C COMPLF.X Z 7.1. .'\Gf'O, ZP" 
C tXT[RHAL Zf 
c 
c 
c 
c 
c 
c 
c 

••• Z=ZLAGFOCALOG(B),ZF,TOL,LtNKWJ/8 
••• 
END 
Cmi PLE:X f'UNCT tON Zf (G) 

,,,USER !UPPLIED COO~''' 
END 

c 
C••NOTESt 
C (1), EXP•UNDERPLOWtS MAY nCCUR IN EXECUTING THE SUBPROGRAM 
C AEI,OIH HOWEVP.:R, 'fHlfl IS OK PROVIDED THE MACHIN!: SYSTEM SETS 
C ANY ' A TJ L EX P • UN 0 E R f !1 0 !Ill 8 'f 0 0 , 0 , 1 • , 

C ( 2), AS At# A I D TO tJNO ~RSTA ~ lJ I HC: f. USt NG THE LAGGED CONVOLUTION 
C ~~rHOO, LET BMkX>l2BMIN>O R~ GlV f.N , THEN IT CAN BE SHOWN 
C THAT THE ACTUI\L NIIMA r:R orRIS IS ~Jn &eAtNT(5,*ALOG(8MAX18MIN))+1, 
C PR OVIDED BMAX/B MI N>Z1 1 THE USER ~ Ay THEN ASSUME AN "ADJUSTED• 
C AMINA~A~AX• ~XP(•,2•( N 0•1)) 1 THE ~~THOO GEN~RATES THE DECREASING 



f--1 
0 
N 

21t5~ 
2~56 
2057 
2R~B 
2R!;9 
2~60 

2flt11 
~R62 
2 r~ 6 3 
2R64 
7 P. 65 
2~6f; 

/.Sl6 7 
t I~ 6 8 
2Rfl9 
2R70 
Llq1 
:ZB72 
2J.173 
AlrJ74 
2 ~~ ., ~ 

~~=~76 

28 7'1 
~ 1l 7 s 
2A79 
~ r1 B o 
2GH1 
2~R;). 

~!!A3 
~ ;1 R 4 
il fll? 5 
~(10(1 

2 i' e 7 
/ I:I IH~ 

? 1! 89 
2-:l90 
:t ~ 91 

2!l92 
2993 
:?094 
2R95 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

A~GUM!NTS SPACED Al X•ALOG(BMAX),X•,2 1 X•,2•2,~ 1 ,,ALOGCBMINA) 1 
roR EXAMPLE, ONE HAY CONTROL THIS WITH THE CODE' 

1 

t I I 

NB•~INT(5,•lLOG(BMAX/R~!N))+1 
NB1=N£h1 
X0t:AL0G(8MAX)+ 1 2 
NE:W:1 
DO 1 J~::N6,1,•1 

x=xo•,2•CNBl•t> 
ARG(I>=EXP(X) 
Z C I , :: Z ! , ~Gr i) (X, ZP', TOL, L, N E ~)I A NG (I) 
N~;w:o 

• t • 

CJ), IF RE~ULTS AR~ STORED IN ~PRAYS ARG(I),Z(l),I•1,NB fOR 
A~G IN (B l.I I NA,HMAX), THF:N THSSE; ARRAY5 ~AY BE USED, fOR EXAMPLI!:, 
TO OPLIN~•INT~RPOL~T~ ~T A nfFFE~ ~N T CLARG~R OR 5MALt!R) 
SPACING TH"~' USF.'O IN 1'HP.: lu\G Gf·: D CONVOJJUTT.ON Mr.THOO, 
(4), Ir A ntrF~RENT RANG~ cr B IS ~~SIRED, THEN ON! MAY 
AT.~WA.YS ~ESTART THE ABOVE P Rf'l•.:EntJHf: IN (l) WITH A NEW 
BMA.X,BMIN AND BY SETTING N~W~t,,,, 

C~•COS•EXTENDEO FILTER W~tGHT ARRAYS~ 
C NOTEC AASCtSSA CORRESPONniNG TO ~~IGHT 15 G~NERATED 
C TO SAV~ 8TOR~Gf., 

DIMENSION YT(~81)rYl(76),Y2(76),Yl(76),Y4(5l) 
EQU!V~L~HCE CYT(l),Y1Cl)),(YT(77),y2(1)),(YTC1!l),y)(1)), 

1 CY~C229),Y,(t)) 
DATA Yl/ 

1 5.t17R1.011::•14, 
' 6.41797BOF.•14 1 

1 t , 1 s 3 4 1 o n: •1 J , 
4 2.3RtS757E•1l, 
5 4,oJ499t H:•1.) 1 

6 8,?.911~558•13, 
7 1.95JP.564E~12, 
8 •• J 9 27 3 ·~ t ~: .. 1 2 , 
? t,n063?.29~•1t, 
t 2,272005tf.•1t, 
2 5,0751~68~·11, 
) 1,12?.73 .,6t•10, 

~.94)J849E•14, 
1,3(195746~·1'5, 

7,9]73498~·1'5, 
1,97!. ~260f.•1l, 
5.2203885!!~.,1 :~, 
2,17097,1Jt:•1,, 
2,62S9769f.•11, 
5 • 7 5 2 6 9 •)4 t: • 1 2 ' 
1,2481Q64E•11, 
~~7452598E•11 1 
6,10CJ431l:2E•11. 
1 • 3 6 7 ~ 4 6 u: • l 0 ' 

2,S4Q2522~•14 1 l,90l48t9~•14, 
t,t9~9957g•1l 1 •1,22162l4E•14 1 
2,121S65gE•tJ, 7,9981520£•14 1 
2,991o1l2E•1l, 3,4161340E•13, 
S,9u372?.)£~13 1 7,80t5306E~1l 1 
1 1 ~16~59~E~12, 1 1 157946)~N12, 
/.,91~7fi97E•12, l 1 9044344E•12, 
~,656955?.~•!l, 9 1 455567~E•l2, 
1,~114~81!•11, 1,8501488[•11, 
3,40?.5443E•11, 4,0975995!•11 1 
i,S49?.99~E•11, 9 1 1445759E•ll, 
1,672~269€•10, 2,0423244~·10, 



....... 
0 
w 

2P.96 
2~97 
2 P. 98 
,Fl99 
2900 
2901 
?.90?. 
2 c:o 3 
2904 
2 9 05 
2 r1o 6 
20()"7 
2<)() 8 
:I!C"ll)q 
29 tr> 
2fl 1t 
2012 
2 <? 1) 
2914 
2 Qt5 
2'H~ 
2~17 
?.918 
4!t:J19 
29?.0 
2~;>1 
2Q22 
2923 
~ 9 ?.4 
2"125 
2 ') 2 f, 
i 9 ]1 
tf)28 
2929 
iq3o 
2 9 3\ 
i'J .12 
2CJ33 
i ,, 3 4 
21J35 
~r.•) 6 

~ 2.4qJ274)!•l0 1 

5 5,5502537E•10, 
~ 1.~354I)OOE•09, 
7 2.7499027f>•09, 
8 6.t205950t:•09, 
9 1 1 3622919f.•OR, 
t 3.oJ2t7o9r:~cP, 
D~.'f A Y.2/ 

t 6"749t07or.•os, 
2 t • ~ o 2 2 9 o n; • o 1 , 
3 ~.~44!04~f.·07, 
4 '7 1 44~36b'5E•07 1 
5 1 • 6 ~ 7 3 o 1 3 r: • o s , 
6 l.~~9 8 0t6E-o~;, 
1 6,2tno7t6 ~ ... o~, 
e t • e 2 9os .i n f: .. o s , 
9 ~. 0 7 51 0 4, ~: ... 0 t;, 
1 9,07R000Sf:•O~, 
2 2" 0?.?.7';'2 t t:•04' 
J 4 • 50 B 3 ., 4 fH:. 0 4 I 
4 1 1 1)05193~E .. 03, 
!5 '-.?421 0 5fiF:•O~, 
~ 5 • 0 I) 2, "6 ~ f: .. 0 ' , 
1 t,t160132~-o?., 
8 2 1 4 A 0 0 R J 1 ~: • 0 '1 1 

9 5."3Q05lti!E•01, 
t ' ' ("I 3 7 7 1 9 0 £-~ .. 0 1 , 

nA ·r" Y 31 

3·,0470661E•10, 
6.7793669£•10, 
s.so852~~r.-o~J, 
3.35~9525f.l'l0q, 

7,470~399E•09 1 
1 1 662391iP:•Of1 1 

:4,697?.98bf:oo0 1=: 1 

8,2317946E•09, 
1,8316969E• 07 1 

4,07 5 61QH~ •07, 
9,0679753F. .. o7, 
'2 1 0t741.7J r: . ot-, 
4 1 4879b2!'1En 06 , 
9,9~?.Rt,<JJE•O ": , 
2 • 2 2 0 '] 6 7 ~ ~: .. 0 5 , 
4 , 9 3 1 2 4 a u: .. o ~) , 
1,09761:!HE .. oA.~ 
2,4198.3 .l8F;o.P (l41 
5.47.1 J~.3S F. ·O ~ , 
1 • 2 0 4 1 4 0 1 F: ... 0 :~ , 
2 • b 7 3 0 tl 7 ~ ~:,., 0 3 , 
5, 92 P.5 fd)IH:-o), 
t.Js t9 o·n r.:: .. o~, 
2,A79370H: • 0 1., 
6,0EI 046 1)0f:• O?. , 
t .o .n77t8E-ot, 

3,'7190626!•10, 
B,2810001E•10, 
1,El43'2253ti;•09, 
4,107.')670g•09, 
9 ,131276.01!;•09, 
2,0~?.4094P:•09, 
4 1 5?.374R2E•OA, 

t,00 ~9l 71!:•07, 
2,:Ht374:7E•07, 
4,9 0 ~i627E\f.•07, 

1,11 0 7~7?V.•06, 
2,4 :· :~ -~ 79a~ .. o~, 
~.s~5,.· 5.i,f!: ~o6, 

1 , ~ 7 ~ ; r. ') 2 7 E • o ~ , 
7. 1 7 30S 154E•05 1 
6,0 fc20'J 47F.•O~, 
1 1 3"'1S040 9E•04, 
J,(lllJ '7n1SF:•04, 
:1 ,7 3 15.H7E:,.04, 
1, !:i C\1 1708F:•Ol, 
:~ • ?· ·1 '1 0 6 tl 1 g • 0 ) , 
7 ,4 71 0 9 0~F.·03, 
1, 6f. :,3 t9 9E •02 1 
~ t ,; "h 2 0 , ~ ~ • 0 2 , 
7 D 7 0 ~ t 7 J R ~:. 0 2 , 
1,~ A9t.20R E•OS, 

4 ~ ·s 4 4 9 9 3 4 p; •1 o , 
1,01l2626E•09, 
2,2503397!:•09, 
S,0077~87E•09, 
1,11439tte:•08, 
2,4798610!:•08, 
s.~1B3434F.:•08/ 

1,2279375!:•07, 
2,7322B65E•07, 
6,0793233E:•07, 
1,352~6!',E•06, 
3,009044Sf. .. o6, 
6,6935S2o ~:-o6, 
t,48 ~ 8 o 6tf: ... o~, 
3, .3109672t:•05, 
7,3619572E•05 1 
1,fd6567flf.•04, 
3,6~7o7f. <n~ -o4, 

8,08009 '; 1f.•04, 
1,79~'2341E•03, 
3,9B150CJOE•Ol, 
R,A2J35JO~•OJ, 
t,947,7n7E·02, 
4,22].8780E~~t02 1 
8i387450tE•02, 
9.0437429f.•02/ 

1 7.t6R5tJa~·02,•3~947l064E•n~, ~ 1,5 0 7B7'0E~ot,•4,04a9a59toOl, 
2~S r 60l8995~•01,•6,80503~~E•01 1 •1,5 0942~4g •ot, 6,6304064E•01, 
) 1 , J '7 6 6 74 IH: • 0 0, w: 8 , o 3 7 1 .?.1. 2 e • 0 ~. ~ '"1 • 08 6 9 b 2 9 ~ + 0 0 1 l , ?. ~ 1 2 8 9 2 E •· 0 0, 
•• 5,0l4l0 8 l~•Ot,•4,427~4S5!• 02 , ~. 0 ~ 1 J10?~•0l,•1,9999661E•Ol, 
5 1,5?.076~4~•01 1 "1,09202~ 0ENOj , 7,~1~ 9 QS 6 S •02,•5,66)1561f.•02, 
6 4.t6117q9 ~ • 0 2,•3, 08BOO t2~~ o2 , 2,3 0 72~59~ ~ o ,,•1.7311bllf.•02 1 
7 1.3 0 ~1 ~ 42 E •01 1 •9.80 8~0 25E~ o3 , 1,~ ~~ 3~ 29~•0) 1 •5 1 57695tH E •03, 
B 4,~ 0 73164E~OJ,•l,1745 026~ • 0J , 2 , ~ 9~ 4154E •Ol,•1,A076122f.~Ol, 
9 t,3640Rl~~·O~,•l, 0 2 ?J9J4E ·0 3, 7.7~ 0 ?952~ • 0 4,•5,~62lS1Bg•04, 
1 4,4240 3 99~•04,•l,33 861~ 3 ~"o ~, 2, 5 S9 5 025E •04,~1.9013541E•04, 
2 1,434Bb5QE~04,•l,OP~82 ~ 4E•01 , 8~1 7 1 f 174E•05,•b,1667509~•05, 
l i,~517~A4~·0~ 1 •3,5tt9e87E•OS, 2,6~ 0,JB8E • 05 ,•2,0000904~•05 1 
4 1,5 09 37~8f.•05,•1.139 0~7Z~G0~~ ~,5 q ~9 318E• 06 1 •6,4869407~•06, 



2CJ37 
2CJ38 
,1139 
2940 
2941 
:?.91\2 
2941 
2')44 
2945 
~ ~· t1 f'l 
~ 9 47 
2 r.14 e 
(~1 49 
( 9 !.)0 

2 9 S1 
' ~ 52 
~95) 
~ IJ 5o\ 
295S 
2C)56 
4''157 

....... ~ 9 S~ 
0 2ClS9 
.+::--

2960 
2Q61 
2'>62 
21J63 
'q64 
21'165 
1 <J b(l 
2<i (,1 
?96R 
i *)6 9 
2 ·)1 (} 
21.}71 
2t;l72 
2'173 
i9i4 
2975 
"Q76 
'2 CJ 7 '7 

5 4,995l71lF.•06,•],69428lOE~06, 2,7878625E•06,•2~103~241E•06, 
6 1,S875917E•06 1 •1,1980090E•06, 9 1 039A030E~07 1 •6,8208296E•07 1 
7 5,1458650E•07,•l,8817~81F.•07, 2,97.77.267E•07 1 •2,2067921f.•07 1 
S 1,~6?3514E•07,•1,2514102E•Ol, 9,40 ~ 4535~•06 1 •7 1 055~837E•08 1 
9 5,2741~R1E•OB,n3 1 9?.9~~~0~·0R, 2,9107255E•OA,•2 1 14tl~93E•09, 
1 1,5712032E•OA 1 •1,149R 6 0~E·09, 8,7~61~71E•09 1 •7,2959~46g•091 
OAT~ Y4/ 

1 6~RB16619~•09,•8,9679825~ ~D 7, 1,42SR275E•OA,•1,9564299E~Oe, 
2 2.02J5Jll~•OA 1 •1,4725 ~ 45E•Oa, 5,4h12820g•09 1 3 1 59955HOE•09 1 
3•9,52&7,31~• 0 ~, 1,1460041E•0 8 ,•1,0 2~o5 32E~ O B, 7,464t749E•09, 
4w4,4703~b 5 ~•U?, 2,04~9 o 51~~o9,•4,4 e06 15~E·t0,•4,nl74336E»lO, 
~ 7,0321001E•10,•6,10b7960~ •1 0 , ~.~1 3 t.4 04~•10,•2,~840747EP10 1 
6 1 • 2 .11 .11 4 4 ~: • 1 11 1 • 1 • 52 o 0 4 ·l 3 E • 11 , .. ~ , 1. t) 'J.? ~5 9 E •11 1 6 • 1 e B 5 4 1 4 !:" 11 , 
7-5,9273937E•1t~ 4,~5~8766!•11,~3., 0~ ~~87~•11, l 1 993t6l7E•11 1 
8•1 1 1210098f.•~1 1 ~ 1 9567021E•12 1 M) 1 / 1). 7~12E~12, 2,13536~8E•12 1 
9w1 1 A4768~1E•12, ,,84JB174~•12, ~ 1,R 3~ ; ~4~E•12, 1 1 7241941~•12 1 
t•1.~t6147 9E •1'~ 1,2627~57~•12,n 1 •0, 1917 6E•12, 7,957862~ [ •13, 
2•~.21lt13 S~ ·l~, 4,8145900E•i3,~l,~ 703h 30~•13 1 3 1 1!72547~•13 1 
3-2,5397~0,~•13, 2 1 0A21130~·!~,-l,711 3! 63E•13 1 J 1 41Jl344E•13 1 
4•1,16B79B6~•1J, 9,76~4016E~l4,• P. ,297717bE~14, 7 1 2515261E•l4, 
5~~.604747 0 ~•141 

C••SSP.:rl~ATA 
coMPTJE:x fllN, c, CHAX, sr~ VF~ 
DI M~~ sTnN KEY(2ij1),~AV~(281),TC2),TMAX(2) 
F:0.!1tVALFNC~ (r.,T(l)),(CMAX,T MA X(l)) 
!F(N ~W ) 10,)0,10 

1 o rJ ~ c;~., 1 
xo~-x-lo,l02S12l6 
00 20 tR~-:1,2A1 

20 K~Y(l R ):O 
)0 LI\G=I,l!l,ti 

z.r,Acrro=co.o,o.o> 
c r~Ax=co.o,o,o> 
L=O 
ASSIGN 110 TO M 
t=t49 
Gn ~o 2oo 

110 TMAX(1)=hMAX1CARS(T(1)),TM~X(l)) 
T~AX(2)eAMAX1(ARS(f(2)),TMAX(~)) 
t:a!+l 
IF(I,LE,l70) GO TO 200 



f-' 
0 
V1 

2978 
2979 
2980 
29R1 
299~ 
2983 
2<194 
298S 
~93~ 
29H7 
''J !Hl 
2<JRil 
lll90 
2()91 
2992 
2Q9) 
2994 
2 ~l9 5 
~996 
;c;~1 
j!l}q8 
~ ! ) 9 C) 

3 •)00 
J t>O 1 
:ttiO:l 
lOC3 
3004 
.Hl05 
)006 
31"•07 
lo oe 
3 !)09 
:!010 
~ ~~ 1 1 
l012 
3013 
~ .) 14 
1(11 !5 
ln16 
J·H7 
1018 
)019 
l02CI 

IrCTMAXC1),~Q~O.O~AND,TMAXC2),EQ,O,O) GO TO 150 
CMAX•TOL•CMAX 
ASSIGN 120 TO M 
ta:14B 
GO TO 200 

120 IFCABS(T(1)),Lt,TMAXCll,ANO,A8S(TC2))~LE 1 TMAX(2)) GO TO llO 
t=:t•l 
lF(l,GT,O' GO TO 200 

110 h~SIGN 140 TO M 
ts:171 
c;n Tll 200 

140 IFCA05CT(l)),LE,TMAX(l),~ND~ADS~T(l))~L!~TMAX(2)) GO TO 190 
I=I+l 
!P'(I,I~E,281~ GO TO 200 
Gr) TO 190 

150 ~SSTGN 160 TO M 
Jll=1 
r.n TO 200 

160 IF(T(l),EQ,o,O,ANO,T(2),tO,O,O) GO TO 170 
I=t+l 
!F(I,LE,148' GO TO 200 

170 AqsJGN lAO TO ~ 
I=2fll 
en To 200 

180 IYCTC1),EQ,O,O,ANO,TC2),EQ,O,O) GO TO 190 
I=I•1 
1F(t,GE,l71) GO TO 200 

190 p F; rtrRt-1 
r.••STQRE/PETRI~VE RnUTIN! (DON!: INT!:iH!At.LY TO SAVE CALL'S) 
2 0 0 t1 (1 n K = ,. H , A G 

ro=~~' 'O K/282 
J R:::~ICJD ( £,OOK, 28 2) 
I ;.~ r I I ~ , 1.-: Q , 0 ) I P. • 1 
t~nt.t,c:to .. 281 
H'CKFV(HO,LI!:,HWLL) GO '!0 220 

210 c~sAV ~ CtR)•YT(I) 
Z L A. (l F' 0 : Z L A G F' 0 + C 
f,!:L• 1 
CO TG H,(11 0 ,120,l40,160 1 190) 

220 KEY(TP):TRG LL+IR 
SAVE(tR)crU~(f.XP(X0+fLOATtLOOK)* 1 20)) 
en To 210 
END 



)t\21 
)()22 
!02l 
l 0 ~4 
!025 
~()26 

~ I'• 2 t 
) n 28 
31 ) ~9 

3 0..1 0 
3f1 31 
:~f) J 2 
.!1 03 ~ 
30 ~ 4 
3(1 ,,~ 

!OH· 
3 0 37 
~ ( . .3 8 
lOJCf 
304 0 
3041 

........ 3042 0 
0'\ 3"4] 

3044 
3045 
3 0 46 
l041 
3o4A 
l (')1 1.1 
J (JSO 
30'H 
l052 
30 ':D 
3054 
3055 
3056 
3057 
31)5R 
3059 
)0&0 

COMPLI!:X FUNCTION ZLAGF'1 CX,f'tJN~TOL,r , ,N!W) 
c.-•••• A t;PF.CIAL LAGGED* CONVOLUTION MET HOD TO COMPUTt TH! 
C lNTr.GpAL FRO~ 0 TO INFINITY OF ~FUN(G)*SIN(G*B)•OG• OEriNtD AS TH! 
C COMPLEX f'OIIR H:R ~I ~E TRANSP"OPM WITH ARGUMENT X ( c:ALOG (B)) 
C BY CONVOLUTJ.Nl FYJ/f F:R.l: NG WI'rH COH? t ,EX f"t.ltv CTION 11 F'UN 11 .-•Af.fD 
C IJSI~•G f> VARIABTJF. ClfT,.OfP' METHC!C fl'!: 1' \.f ~ '1. T~NOEO FILTE~ TP.1LS 1 , 11 

c . ' 
C••BY WeL,ANOrpsO~r u.s.G~OLOGICAL SURVEY, OE»VER, COLORA00 1 

c 
C""PARAI'~F.TER51 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

.. X 

FUN(G)• 

TOL• 

L• 

t1 REAr, ARGIJMENT ( ;:ALOG ( :31 A 1' CALL) tP' THJ!: f'OU Hil!:R TRANSP'ORM 
"Zt,Ar;r 1 11 IS UBr:FUL ntH. Y 1-iHt·N X::a(tAST X)•,20 *** 1,!:,, 
SPACf.!"'l SAr-1F: AS Ftr .:-r.H tJ SE0 .. ..., tr. THIS 15 NOT CONVENit:NT, 
TH~~H f'UAPRnO RAf't H Zi''!) UR 1" IS AOVI SP:D fOR GF:NERAL USE, 
(ALSO Sf:£ PA~ I~ 'N EW 1 & Nt1TE::l (2)•(4) B£LOW), 

EX'I'ER NAL DE:CI · A~EU CO !iPLE: X P"tlt-1CTtON NAME (USER SUPPLIED) 
Or A REAt ARGUMf~ T G, 

N 0 '1' F. 1 I F' P A R ~ ~ S 0 T H F: R 'I' li A N G h P. E R E Q tr 1 R E 0 , USE C 0 M M 0 N IN 
CALI ,ING PR UC:PAM ,··.tiD I N f.f!B PROGi<AM FUN, 
T H F.: C 0 t- t P L f: X F tl N C ! T 'J ~ F' llf; ~ H Ci U L n R E ~ M 0 N 0 T 0 N E 
OJ::C FlE ASTtifl fU NC'flntl A~ 'r; !r ~RG llt-4 ENT G BECOMES LARGE, •, . 

f' 0 R R E: A L,. 0 N L Y P' l I N C: '.; 1 l N:; , S { 1 h P R 0 G R A M 11 R LAG F 1 " 1 S AD V IS E 0 J 
HOhF.VF.:R, 'J'Wn RP:At, .. i' tJ NC'T ll1tJS f't (l.),F2CG) MAY HE 
IN'T'EGRAN:n IN PA RA!{.!::!_, UY l·· ~I'l'ING FUU:::C~lPLX(Fl(G),P"2(G)) 

RP: o\T.~ ·rot. ErL,NC~: /·: xc;.;F'6' 1-;D f. T CONV OLV~: o 1'A!IJ8•"'IeE,, 
rr P'ILTER•rU N< Tf'lt ;- !1AX, Tt.EN RES 'l' or TAli~ ys TRUNCATED, 
T H I S I g U n N ~ AT }1 n T H F. I : n s 0 r f 1 L T E: f{ o t Y P I C ALLY , 
Tr:H~ <= aOOOl IS tJSUALt,Y OK•ooBU'I' THIS DE:P F.: NDS ON 
'THE: f'1 1.'1 C T I 0 N FU N A ;~ n P A n J\ ~·l 2: T 2: R X , , ~ I N G t-~ N ERA L , 

A. "SMA ! 1 t , E~ '!OL" W 1' LT1 liStii\ I ·T. Y RESUIJT 1 N "MOWE · ACCURACY" 
p.lJT ~IJTH "HOPE WE.: I GHTS " H: l i ~ G U5t.:D, TOL IS NOT DIRECTIJY 
REL A l' E 0 'tn TrttHIC A 'r HW n : k I i ~ , BUT GEN f:Rh LLY St: RVf.S AS AN 
J\PPRU~l i-11\TIOH HIDH' AT Ui'- t v, fOn VtRY LARG~ OR SMALL 8, 
O I'H~ SHOIILO Us~ A fl t·: ,b,f,J ,f.R To J~ THAN R~CoMMENDEn "BOVE:.,, 

J<e:S I!u'l'ltJG NOa flt .'i.' rP. Wf S, USED IN THP: VARIABl1E 
CONVOt,lJ1' ION (L D !:: PE ~·1 1}.'> rl i\1 TrJL AUn fUH), 

fUN • L=~ 0 ~NO "1.~ X, Lr2 66 .... i·1H I C H COULD 
OCCIIR IY 'tOL IS VE~\' fHI ?lt .L AND/OR FUN NOT DECREASING 
VERY f'AST,,, 



~061 
ltJ62 
)063 
3064 
)Of'S 
~066 

3061 
) 06B 
)()i;Q 

3 0 70 
3071 
]072 
30 7) 
3 0 '?4 
3n7S 
3 0 '16 
3') ',' 7 
~ 0 78 
3 i) 7 9 
3 0 80 
:w e 1 

I-' J :) 8 2 
0 3 !)!~ 3 
-.! 

3·.>e 4 
J o'J 85 
~ f,)f! f, 

3 0 87 
3 0 88 
)089 
) G90 
3091 
3092 
3 0 93 
3 0 94 
3 fJ 9S 
J ')01: 
3 0 97 
309~ 
3099 
l1CO 
3101 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

• N~w· 1 18 NECESSARY 1ST TIME OR BRAND N!W X, 
0 roR A~L SUBSEQUENT CALLS WHERE X~(LAST X)•0,20 

lS ASSUMED INTERNALLY BY THtS ROUTINE, 
NnTF.r lF TH15 !S N:.JT TRtJf., ROUTINf; W1J1L 
STILL ASSUHE X=(LAST X)"0,20 ANYWAY.,~ 
!T IS THE USE:RS RF.:SFON:> tHit·tTY TO NORMALIZE 
BY CORRECT Bc~XP(X) OD18 IDE OF CALL (SEE USAGE BELOW), 

THF: ut-GGED C.ONVOLUT!!lN ~F rt-. OU PICKS UP SIGNIFICANT 
T I Mf.: I f~PROVE:MUJ T .": \~ H ~~ ~ 1';..: r !<ER N F:I1 l S NOT A 
S! I'.?LE F.t.F.:"1 ~~ tl'1' A ~ Y flii'IC 1 HW •, , DUE TO INTERNALLY SAVING 
Af1TJ KP:R NE tJ FUNCTi n 'J t-: V:; T,iJ ~. TIDr·1 S WH P.: N ~'EW=1, 11 
THP.: N WH!•:N Nf. \·J ~Q, At.r .. Pl-12: vtOtJSf.•Y C.A.LCUI)ATED 
I<I!:RfJUJS Wli~ L BF. Llt>~O l H '1 H~: LAGGED r.ONVOLUTlON 
WH~:RE P(15SI13L~: , llN LY ~ Dfl! NG HE\'/ KE:HNP'L ~VALUA'l'lON8 
WH~N N!EDED (D~P~ ~ DS ON ?ARMS tOL AND FUN) 

C•cTH~ ~r;SuLTING CO MPJJEX CONVOLtlTilHJ <" UM IS G!VI!:N IN ZLAGFl J THE FOURIER 
C TRANSP'r1RM Y.S '!HO' Z£1AGF'1/8 WH!Cl ! !H 'ro r. ~: COM~IIT£0 AFTF.:R EXIT P'ROM 
C THIS ROUTINE.,,, WH~RE RcEX?(X), ;( :t... ApG ~! Mk':t-tT USED IN CALL,,, 
c 
C• .. USAGE•• "ZLAGF1" IS CAL,LED AS f"OI,LCt<iSI 
c ••• 
C cn ."1PLP:X Z, zr ~ AGF 1, Zf' 
c e:xr~RNAL zr c . 

••• c 
c 
c 
c 
c 
c 

~=ZLAGY1CALOG(8),zr,TOL,LrN~~)/8 

••• 
VID 
Cn ~ PLEX fUNCTION zrCG) 
.,,USER SliPPLlf:l) CODE,,, 
END 

c 
C••NOT!:SI 
C (1), ~~P•UNOgRrLOWIS MAY OCCUR IN £X~CUTINQ THt SUBPROGRAM 
C A~LOWt HoWEVER, THIS IS QK P~OV !DE O TH£ MACHINE SYSTEM StTS 
c A N '{ ' At I tJ EX I?. u N D c:: R f' L t) w ' 5 T 0 0 • \l •••• 
C (2), AS AN l!O TO UND~RSTANOlNG ' USING THE LAGGED CONVOLUTION 
C METHOD, J1e:T B~A X>•BM I N>O A F: G I VEts, TH!:N IT CAN BE SHOWN 
C T4f\T TH~ ~CTUAI1 NllMBf.R or Flf5 l.S IJ~ :sAlNT(5,*ALOG(AMAXIBMIN))+1, 
C PR OVIDED 8"lAX/fH1IN>: 1, THE UR ER ~1AY THEN As~ liM E AN "ADJUSTED" 
C B I( ! N A:BMAX•~X?(•,2•(NB•1)) 1 THE ME THOD GENF.RATES THE DECR[A!ING 



3102 
3103 
31C4 
HO!S 

3 '· 0 t; 
:1107 
.HOB 
3109 
3110 
3U 1 
3112 
31 '3 
311 ( 
H 1~ 
311, 
1117 
311S 
) 11t) 
.H20 
3121 
3122 

1--' 3123 
0 3124 (X) 

],25 
:i,2, 
:H27 
3t2a 
)179 
3 t 10 
3' ~ 1 
H32 
~ ~ 3 .1 
)~34 

3135 
3 ~ 3~ 
3137 
;;!38 
313q 
3!40 
3\ 4t 
) , 12 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

APGUM!NTS SPACED AS xaALOGCBMAX),X•,Z 1 X•,2•2,,,,,ALOG(8MINA) 1 
roR fXAMPLE, OM~ MAY CONTMOL THIS WITH THE COD!I . ' . 

NB=AINT(S,•ALOG(BM~XIBMlN))+l 
N8t:zSB+1 
XO::~LIJG(I:}MAX)+,2 
NEYJ::t 
IJO 1 I::aNn,t,•t 
x:axo•,2•<NAt•t) 
h~G(J):sP:XP(X) 

Z(I)=l~~Grtcx,zr,TOL,L,NEW)/ARG(I) 
Nf.W:O 

••• (3), IF RESULTS AR£ STOR~D IN ARRAYS ARGCI),%(%),1•1,NB rOR 
ARG IN CB~IN~,B~AX), THEN TH~SE AR~AYS MAY BE US!Dt FOR !XAMPL!, 
TO SPLIN~·I~T~RPOLAT~ AT A OIFFgR~~ T (LARGER OR SMALLER) 
~ P A C I N G T li A t.1 ll S E;rl r N T H F. J.J A G G 11: 0 C mt V 0 J JUT I 0 N ~ ~ T H 0 0 1 

(4), IF ' nrrrERENT RANGE ~f 8 IS OESI~~n, THEN ON€ MAY 
A tJ WAY g R F: 5 'fA ~ T '!HE A A 0 V E P R r:1 C ED tJ nF: ! N ( 2 ) W l T H A NEW 
AMAX,RMIN ANn BY !~TTING ~ ~ W=t,,,, 

C••8IN•~XTEND~D fiLTER WEIGHT A~RAY5l 
C NOT~I ABSCISSA CnRRESPONDING TO W~IGHT IS G!NERATED 
C TO sAv~ ~TORAGE, 

OtM~NSION WT(266),W1(76),W2(76),Wl(76),W4Cl8) 
~QUIVAL!HCE (WT(l),Wl(l)),(WT(77),Wl(l)),(WT(l5l),Wl(l)), 

1 (WT(229),W4(t)) 
OATA Wl/ 

1•l,t113Q40f.•09,•1 1 12l7t.46E•12, 
2 1.71.36636~·11,•1,8227727€•12, 
l 2.t4735~\E•12,"2,267~5~9r.~t2, 
4 '·67l8110~·12 1 •2,B221~9~~-!~, 
5 3.3297565~•12,~3,5i79095E-12, 
6 4 1 146479B~•17 1 •4 1 3794552E•12, 
7 5,!5R~809E•12,w5 1 4~744(,2€•12, 
8 6,417508]~•12 1 •6,77B1691E•12, 
9 7,9A6~4778•1' 1 "8.~J44110f.M12 1 
1 9,9319t39E"12,•t,o4qJ7lt(•tt, 
2 1,2370354F.•1t,•1,l067~14E•11, 
l 1,539060SF.•1t 1 •1,6249Jtl~•11, 

t,5 U 9t739~•12,•1,6240954E•t2, 
1,92S~?92E•12,•2 1 0l35514E•12, 
2,!9q~84?~·12,•2,5292661~·12, 
2,9£~5171E•12,•3et5t4006E•12, 
3,7!6~J06e•t2,•3,92S6l79E•l2, 
4,62521ltE•12 1 •4.,S84S~27E•12, 
5,7510277~•12,•6 1 07b0464E•12, 
7,1 S ?5239~•12 1 •7,5618782E•12, 
8,~077~22E•12 1 •9,4067705E•12 1 
t.t 0R4 ~00~•11,•l,t709937E•1l, 
1,~ s n~?00~•11,•1,4575980r.•t1, 
1,71 ~ 5934~•11,•1.81152~0!•11, 



,, .. ] 
3144 
.;,45 

3 '· 4~ 
?.!47 
3!48 
-~ 1 4 9 
~150 

31~1 
3~~?. 
) j ~3 

~1c;4 

) j 55 

3 , 5~ 
s, ~ ., 
~~5e 
)·~9 

:n Ed'l 
~H>1 
3~62 
.~! 6 ~ 

t-' 3164 
0 
\.0 3165 

)!66 
3167 
3,6~ 
)l~q 

)170 
3 1 '11 
:n 12 
317} 
3174 
3 j ., 'S 

3176 
3177 
H7S 
)179 
3180 
:H B 1 
318:2 
3t~3 

4 l,9ll1898~•1t,•2,0209795!•11f 2,11S2159E•11 1 •2,25617]SE•11, 
! 2.l840976E•11 1 •2,5192263E~t1, 2 8 6~1S319E•t1,•2,8122547E•11r 
6 ~.9709129E•1t,•!,239~870~•11, ~,3149030F.•11 1 •3,5013168E•11 1 
7 3.69~105o~~1t,•3,9058553E•11, 4..11.~1~94E•11 1 •4,356677'~•11 1 
8 4.60t0537F.•lt,•4.9~90396r.•l1, 5,1~14761E•11 1 •5,419J35~E~t1, 
9 5,72367~0E,11,•6,0455911£•1!, 6 0 j~~1~22~•11 1 •~ 1 746J492E•11, 

7,t265?]4~•11,•7,5279775Em11, 7,9~122~9~•ll,•R 1 3971327E•11/ 
nATA 'vl')./ 

1 H,~6689htE•tt,•9,3621900~~tt, 9,RB51764E•11,•1,0·3~319Es10, 
' 1,10240R7~~l0,•1.t644680!a10, 1,23' ' :979E•10 1 •1,2997~4bE•10, 
l \ , 3 7 ~ 3 2 4 4 ~ • 1 0 1 ~ 1 , 4 ~ 1 0 3 6 3 E • 1 0 , 1 , ~, .~ 3 <' 1 7 '2 E • 1 0 , • 1 , 6 1 9 6 55 0 f: •1 0, 
4 1 • 7 110 1 ~10 ~: " 1 0, •1 , 9 0 7 4 7. ':) 7 F.: .. ! 0 ~ 1 , 9 0 ') i •)2 2 E • 1 0, .. 2 1 0 1 o ~ l 0 6 E •1 0, 
5 2,1l00756E•10,•J~2498755E•10, 2.17 6 3 936~•10 1 •2 1 5l0009ij~•10, 
6 2,~511250 f •\0,•2,8nol61~~~so, ?, 95 7 ~6 91~-10,•l,t2382l7E•10, 
1 3,2994114~•10,•3,4849~00E•10, 3,~HnH~29E•10,•3 1 ~679042Ew10 1 
8 t\ • 1 0 i'> 3 9 tl 7 1:: .. t 0 1 • 4 , .3 J 1 ?. ~ 6 6 F.: • ! 0 , 4 ) '5 il 1 1 0 !> 9 E • 1 0 , • 4. 1 8 ] ~~ 6 0 4 9 E ,. 1 0 , 
9 ~ • 1 t o c; ., ?. e ~ ;.. t o , .. ~ • ?. 9 1 7 h 7 '2 fo: • 1 r: , 5 , 1 (' 1 1 6 3 ? f. • 1 o , • (J , o 2 2 '5 s t tJ E .. 1 o , 
1 ~.J~011/3E•10,•~,7t15Q64E•1 0 , 7.o 9S S 0'0~•10,•7,4942~01E"10, 
1 7,q16!025~•10 1 •R,3~ 0 ~980~•1 D , B, 8 l171tn~•!0, .. 9,3270130~•10, 
3 9•R5)374qE•10,•t,0404S08E• 0?, t,~ 9)3 7lSE•09,•t,1605442E•09, 
4 1,?~~7~11Eq09 1 •1,1Q42905E"0 9 , 1e3~ 0 t 6 77S•09 1 •1 1 4429 9 12E•09, 
3 1.52A B 16~~·09,•1e6077514~·0~, 1.7n qs 99B~•09,•1 1 7890411~•09, 
6 1.Qt290~9E•09,•1,9957j16E•09, ?., ~ 1 1 5 0BE•09,•2.,926779~•U9 1 
1 2.4312~~~ E •09,•2 1 3q59014E~09, 2.7 8 ~ 2 SOOE•09,•2,5610596E•09, 
8 3 1 ?7n]J18t:•09 1 •2,AO~?.q40r.•09, 1,0?. S 1453~•09,•2,3~60563f."09, 
9 !,3l7655!~·~q,*l,19fi0161~•09, 7•77 08 747E•09 1 1,t~53546E•09, 
J 1.2760~51~•08, 7.426~707E•09, 2,J3 t 2l87E•Oa, 2,1869~S1E•08/ 
tlAT~ W]/ 

1 4.~30~744F•O~, 5,4631686Eu06, 9t~7uJ097E•08, 1,2823137E~07, 
2 2.o8J2R12~•07 1 2,92H0540[•07, 4,S~ 8 n~BRE•07 1 h,5992437!•07, 
l 1 • o o 5o H 1 '> r. • o 6, 1 • 411 91 a J E Cl o 6, 2 , 2 z Y ·\ .n s E • o 6, 3 • 2 q 9 4 b o 4 e: • o ~, 
4 4,Q4A5821~·0~, 7,3~1~173£• 0 6, t,t o nt O B3~•05, 1,6l80539E•OS, 
' 2,4469~50~•05, 3, h t~92fb E • 05 1 5,4 ~~ t~27S•05, B,1176716E•05, 
~ 1,21\3829~•04, 1,ij06~49•E•Ot, 2.~ n~~~ 09E•04, 4,02022R BE•04, 
7 5,9Q6~99S~•04, R,9437312 E ~04, '•l 3 ~ ~ ~6~E•Ol, 1,9BP6~97[•03, 
e ?,9643q13~v0), 4,416~923E•03, ~. ~ 77J~tRE•01, 9,78S~t05E•03, 
9 1,45)936lE•02, 2,1~5 B 670E~02 1 3,1~118ri~E~02, 4,69035tB~N02, 
t 6,ass9st,E•02, 9,9t7ot52~~o~, !,412 o 77o~·01, 1,9610835~·01, 
2 2. 61 q 2 5 t) 3 E .. 0 1 , 3. 1'1 4) 12 1 E. 0 1 , 3. 6 4 0 7 4 0 6 E. 0 l , 3 I i 2 57 55 9 e:. 0 1 , 
J 9. ~ 460t ~ ~E•02,•3,6051039E•01,-8, 63 ~ 4 7~0EwOt,•8,1178720E•01, 
4 5 1 2205241E•01, S,5449873E+O O ,•t,l~l7933E+00 1 •2 1 h759896E•Ol, 



3184 
3 ~. 85 
318ft 
~18'7 
3108 
3189 
~11 90 
3191 
3t92 
3193 
3194 
319~ 
~ 196 
3l9'1 
?. \9A 
~199 
3?.00 
~/C1 

~,02 

3 '20 3 
3704 

1--l 3/.0S 
1--l 370ft 0 

3 :1 07 
~?OR 
3209 
)?10 
J 2 12 
)~ll~ 

J'/.13 
3 ~i 14 
3?1~ 

~116 
)217 
) ' ) ~ ~ 

)?.19 
3"J.20 
3121 
3~?.2 
)?2) 
3?24 

5 8~086920l£•01,•6,2757149E•01, 3,4062630~•01,•1,5895l04E•Ol, 
6 7,0472984~•0'- 1 •l,1624462E•02, 1,489406~E•02 1 •7 1 4821176E•03, 
7 4,00359J6E•03 1 •2,25437a4~•03, 1 8 ~l60358E•03 1 •7 1 8636604E•04, 
8 4.7b5874~E•04,•2,9!25817~•04, t,7A~~105~•04 1 •1,10124t6E•04, 
Q 6.79,03J4e•os,•4,t91405,r.~o5, ~.s s ~154~€·05,•1,S9B585tE•05, 
t 9,P.751~Bo~-o~ 1 ·6,10~952~~-o6, !.;~92543E·0~,-2,3287953E•06/ 

DATA W4J 
1 1.~lR~425E•O~p•8,S999~53~•07, 5,49~ 0 991E•07,•l,3~3704B~•07, 
2 2,09~~~84~~07,•1,29554l7t~o7, 8,0 0 4 h 33~E•OB,•4,94573'71E•08, 
l ),05577t1~•0A 1 •1,6880390~·0P, 1,1 bb5 454!•08,•7 1 20764~9[•09, 
4 4.4~3342lE•oq,~2,7~1S69~~~o?, 1,7001097~·o9,•t.o504494E•09, 
5 6,4904567 ~ •10,•4,0,0299Q~~t o , ~.•77 ~ 7b3~·t0,•1,5310321!•tO, 
6 9.4~0 0 ~54E•11,-~,ij4~3l14~•li, 3,6l1 ~4 00E•11,•2,232005fiE•11 1 
7 t.J7?3~60~•11 1 •9,5247.65bE~!2, 5Q2675102E•12,•3,251307 ~[ •12 1 
8 2~0097A~9E•!2,•1,24054l2EP1~, 7,6 5 10 5 39~~13,•4,719l929E•13, 
9 2,go84q93 E •13,•1~79216 6 'E~1J, 1,! 0 1 8 949~•1l 1 •6,788590?E•14, 
1 4.2025050~•14,•2.13t4131E•1~/ 

C••ssENOATA 
c 

cnMPLEX FUN,CwC~AX,S~VE 
OI~~NSI O N KrYr2h6),SAV~C2b~) , T(2ltTMAX(2) 
P: Q IJ I V A r, f. N C F. ( C , T ( 1 ) ) , ( C ~~A X , T tlj .a. X ( 1 ) ) 
I F ( N £ ~~ ) 1 0 , l 0 , 1 0 

SO l .. AGr::.t 
xo:•x•JP.,J04557o~ 
00 20 IR=1,1.~6 

20 Y~Y(!R):O 

30 JJ~c;=I .. AG+1 
1. r~ A r; f 1 = ( o , o , o, o) 
C ~1 A X = ( 0 , 0 , 0 • 0 ) 
L:rO 
ASSIGN 110 TOM 
r::t en 
r;n TO 200 

ltO TMAXC1)=AMAX1(,R8(T(t)),TMAX(1)' 
t~AX(2):AMAX1{A85(T(2)),TMkX(2)) 

I=!+1 
Irci.LE,203) GO TO 20~ 
IFCTMAX(1),~Q~O~O,AHDeTMAX(2),EQ,0,0) GO TO 150 
CMAX='l'OL*CMAX 
ASSIGN 1'-0 TO M 



3225 I•190 
32/.6 GO TO 200 
3127 120 IrCABSCTC1)),Lt,TMAX(l)IAND,ABS(T(2))1L!,TMAX(2)) GO TO 130 
3?.2A t::~~r-.t 

3229 Ircl,GT,O) GO TO 200 
3/30 130 ASS~GN 140 TO M 
3 ? .11 !~209 

3~3'- r;n TO 200 
)?33 140 IFCABSCT(1),,LE~TMAX(1)1ANO,AB8CT(2)) 1 ~! 1 TMAX(2)) GO TO 190 
37. .H I=I+1 
) :?35 !F(l 1 LE,266) GO TO 200 
3?.:\fl r,, TO 190 
3?37 150 ASSIGN 160 TO M 
3:»J8 :;,cq 
323C) r,n TO 200 
37~0 160 lFCTC1)gEQ,O,O,ANO,T(2),EU,O,O) 00 TO 170 
3 2 41 fcT.-+1 
3/42 H'(l,t,E,190) GO TO 200 
)']4) 170 ASS:tGN 180 TO M 
3244 t:~66 
3/.45 Gn 't'O 200 

f-J ~·~46 180 IF ( 't' c 1). t::Q. 0. 0. AND IT ( 2) I EQ. 0 t 0) GO' TO 190 f-J 
f-J 3247 I:1•1 

3~48 If(I,G!,209) GO TO 200 
::1149 190 f1 E 'r\JR~ 
3250 C••STOREIR~TR I EV~ RoUTINE (DONE IN TERN ALLY TO SAV~ CA~L'S) 
~ / 51 200 r,no Kc I +LI\G 
3 ~ 52 ! O=T,nOK/267 
~']~) '1 R : M 0 n ( t, 0 0 K , 2 6 7 ) 
3 ';'S 4 P:'(!A,F: Q,O) IR=t 
~255 IRm,v::t~•2fi6 
~,,6 !Y(KEY(Ik), L~ ~IROLL) GO TO 220 
3~5., 210 C: S AV~(tR)• ~TC I) 
37~1i ZLAG~'t :zLA Gro 1 +C 
3?.59 t, : t. •1 
3/60 Gn Tn M,Ct1o,12o,140,l60,t~o> 
3::!61 220 ~EY(IR) ~! ROLL+ IR 
~7.6 ?. 5AV ~( lR)~fU N (EXP(XO+rLOAT(LOOK)•,20)) 
3:.'!61 GO TO 210 
3t.tJ4 li:NO 



Appendix 2.---Test results. 

fi'Xt,T!:P TESTSt ••MOD!RAT!: e•• 

r T L " B !:XACT P'ILTEJ'.ED DIP'P' RtL!RR TOLERANCE 

2 ' 31 0,1000~+00 0,2000!:+00 0,17988544!+02 O,t78~7AO!E+02 0,74:Z9E•Ol 0,4153£•04 O,lOOOE•Ol 
t 1 )5 0,1000~+00 0,1000~+01 0,9~51S'5l'H:+OO o • 9 e s o 2 t 3 1 c.;+ o o O,l640t!:•Ol 0 1 1665E•03 0 1 1000E•Ol 
1 1 41 0 1 1000~+00 0,4000E~O! o,62-il\t4su;.-.ot 0 5 tl7122 ~ 31E•01 O,t992f.•04 O,J030E•Ol 0,1000E•Ol 
1 1 41 0,10COF.+01 0,2000F.•OO 0,18R57320P.:+00 0 , t 8 8 5 ·7 2 2 ?. F + 0 0 0,98\6E•06 O,S205E•05 O,tOOOE•Ol 
~ 1 31 o,toOOE•01 o.tooo~•Ot o,3c;1~533tH:-.oo o,3S151393F.~oo 0 1 9455E•05 0 1 2674E•04 0,1000t:•Ol 
1 1 34 o,1vOOf.+01 0,4oo~s+Ot 0,570671.0SF;•Ot 0~570~51:16 1': •01 0,2068E•O, 0,)625!':•04 0,1000E•03 

2 3 i 0 1 !000E+00 0.2000~+00 0,4~241911~+01 0 2 451120 33~ +01 •O,t675E•04 0 1 l702t.:•05 0 1 1000E;•Ol 
") '4 o.100 0E+00 O,tOOOE•Ot 0,2(l5~12~q{l;•01 0 1 2 05 21441~+01 •C,197~E•04 0 1 9629E•05 O,lOOOf.•O) 
~ 25 o.tooo~+oo o,40o~~•01 0.17483541~·15 •0,301066? Q~ ·04 0,101 1F~ ·04 0,7087E+1! 0 1 1000E•03 
~ 85 0,1000r.+01 O.?.OOOE+OO o,4qs~:249tl!! .. ot 0, 4ryS 03R E ?~-Ot •0 1 137,£•05 0,2769~·04 0,10 00E;•O l 
l ?.8 o,1ooo~ .. o1 O,tOOOF.•O\ o,t941Cint9E•OO 0 0 19~69?71 E +00 0. 48241:.:0•·0~ 0 1 2478E•OS 0,10001::•03 
1 23 o,tOOOE+01 o.40oo~•Ol 0 1 1831563 9E•01 0,1S3it7 BClE •Ot 0 1 385tE•05 0 1 2102E•Ol 0,1000E•Ol 

·' 70 o,toooe.oo o.2oooE+OO o,4~667:Jo7P.:.ot 0 • 4 9 6 71 4 ., f, r: .. 0 1 •O,l96FH:•05 0,799r,E•04 0 1 1000E•Ol 
3 f-) 0,1000~+00 O,tOOI'IF.+Ot o,4qJS4037f .. ol O, t1. al59112 HF. •01 •0 1 4990E•O~ o,so3n: .. ol 0,1000E•Ol 
) 54 o,tooor..oo o,40ooE•Ot o.~~.s~7927E•01 0 , 'l 3 ~' S 0 7 •'- ~ E "" 0 1 0 1 76591::•05 0,1754!•03 0,1000E•Ol 
J ~4 o,tooo~~ ... ot 0,20001':+00 0,-1~7~890)~+00 0,167 ~ 2) ~~E •OO •O,J853E•04 O,R243E•04 O,tOOO E•03 
~ 4B 0,1000F.:+01 O,i01)0F.+01 0, }"?.8 'H07E.:.OO o • } 3 J. a s 7 ~ (' ! .. " o o .. o , 5 11 P r.. o 4 0,1S07E•Ol O,tO OOE.. •Ol 
1 5 t 0 • 1 0 0 0 I<; + \) 1 0,4000E+01 o,91032tn5-.: .. ot 0,90 ~?.8~':97E .. \)t 0,2036£•0) 0,21.l7E•02 O,lOOOE•Ol 

I-' 
I-' ' -4 )6 0,1000€+00 0,2000F.+00 0,271139320e:.-~t 0 4 ?.76 ~t;01lAF: +01 0 1 4234f~ ooQ) O,l5l2E•Ol O,lOOOE•Ol 
N 

t1 41 O,,OC0E+OO O,lOOOE+Ot 0,90019~28E+OO (I 0 ~ 0 •J ' 1 9 ~' 1 r. • 0 0 o,t76Ett: .. ol 0,19631:: .. 03 O.lOOO£eQJ 
~ 47 o,1ooo~.oo o.4ooof.~ot 0,24J'75t95E•OO 0 , 1 ~ 3 7 0 El C• ~) ?: :. 0 0 0, 4.HOE•04 0,1801E•Ol 0 1 1000E•Ol 
4 67 O,,OOOI~•Ot 0 • 2 0 () () r-: • 0 0 0,97096~.~4E•01 0 , '} 1 l) ? 6 'j 7 ? 1;; " 0 t 0,92 :? 0!.:•0'7 0 1 949f~E•Otl 0 , 1 0 0 0 F; • 0 .J 
4 45 0 8 1000~•01 0,10001':+01 0,29'289l21.E+00 0,29289033 r;:•OO 0 11 2898E•05 0,9f:l951!:•05 0 1 1000E41ii(J) 
4 39 o,toooe: .. ol 0,4000E+01 o,te9!6~09E+OO · 0 1 i g 9 3 4 5 l (I 1!: + 0 0 0,2099£"'04 0,1109!:•1)1 0,10001::•03 

5 44 0,!000~+00 0~2000E+00 •0 1 12500000E•01 •O,t24~0t1~F.: •01 •0,9827E~C5 0 1 7862E•Ol O,lOOOE•Ol 
r; 4R 0,1000~•00 0,1000~+01 .o.2~oooooor~o1 •0.2J9Qt2 ~ 5 r ~o~ •0,8744E•06 0,349~£:•0) 0,1000E•Ol 
llj ~4 0,1000~+00 0.4000~+01 •0,6?499999~•03 •O. E ~49 2 1 l~ f •Ol •0 1 7825E•07 0.125/.E•Ol 0,1000P:•Ol 
•. 5 e o • 1 o o o ~:: • r>t 0~2000E+0~ •0,2t091379E•OO •C,7.1091R?. 4 ~+00 •0 1 25S4E•04 0 1 1211E,.O) 0 1 1000E"'Ol 
'j 4 t ~,lOOCg+Ol O,tOOO~•Ot • 0 I 2 ~ 0 0 0 0 0 0 E • 0 0 ... 0 I 2 4 j () 7 f) s }. ~= . ... 0 0 u 0 • 3 ~ 9 ~ F. • 0 3 0,131AE•02 0,1000E•Ol 
5 45 o,,. oouP:+01 o.~ooo~•ot .o,67sooooOE•01 •0,624~SsJ 9~ ·ot •O,t446E•04 0,2J14!: .. 0) O,lOOOE•Ol 

2 ! ~7 o,tono~.oo o,2oooE+OO 0,44721)60f.~01 0,447t? ~DF. +01 0,1927E•Ol 0,4l09E•04 O,lOOOE•Ol ,, 
~ 1 ~S 0,1000~+00 O,tO~OF.•Ot 0 1 99SO.J7tiH:•OO o,99 495 37tr. .. oo 0 1 8J47Et~04 0 1 8389E•04 0 1 1000E•Ol 
2 

'· 
7~ 0,1000P.•OO 0,4000~+01 0 1 24997.t.91E+00 0, 24':lt:l90 0 '). t.: +OO o,~t89E•04 O,f27~E•Ol 0,1000!:•0) 

2 t et o,,ooo~•Ot 0,2000£+00 0 1 980'5B067E+OI) ~ 1 980~i7(') ~ ·lli:+OO 0,103)!:•04 0 1 1051E•04 0,1000E•Ol 
? 1 69 O,,OOOE+01 0,1000!':+01 o,7o7t0678E+OO 0,707079 <t H:+OO 0,2836E:•04 0 1 4011E•04 0,1000E•Ol 
2 1 68 0,,. 000!;+01 o,40ooE;+o1 0,1.425J5~2E+00 0,2~?. :5 2472f.+CO 0,1090E•04 0 1 4496E•04 O,lOOOE•Ol 



f'IJ.JTER T!:8T~ I ~.MODtRAT! 8•• 

f 't L A 8 !~ACT P'ILTtRt:D OIFF RELERR TOLERANCE 

? ?. 45 o,toeyo£+00 o~20ooE+OO 0,45241871!+01 0 1 1!524Ui34F.+0t 0,2l66E•04 0,5230!;•05 O,tOOOE•Ol 
2 ? 39 0,1000E+00 O,!OOOE+01 0,41042~9<H::+OO 0,4t06497~ E +00 •0 1 22lBE•OJ 0,5452~•01 O,lOOOE•Ol 
~ 2 J7 o.toooE+OO o.4oo~~+Ol 0,2124S77tE•t6 •0,234564~?.f•04 0,2346~•04 0,1104E+13 0,1000E•Ol 
~ '} t-6 o.~oooE.ot 0,2000E+OO 0 • 4 Q 5 0 2 4 9 2 s:; ot- 0 0 o,1950?.4 30B: ... oo 0,6184E•06 0,1249E•05 0 1 1000f.•Cl 
2 2 43 O~H~00~+01 0. 1 0 0 0 ~~ + 0 t 0 1 3B940039F.t00 0 F l8q402~ 0 ~+00 •0,1Rl4E•O~ 0 1 4659E•05 0 1 1000E•Ol 
2 ., )8 0 1 1000Y.+Ol 0 1 4000E+01 o,~1579t96! ... o2 o,~1939j o 7 r. ~02 •0,361!E•04 o,l943f;. .. o2 0,1000f.•03 

2 J 62 o.toooEtOO o.~nooEtOO 0 1 4Q001989E+Ot 0 1 4 9 t) () 5 'J 5 I F.+ 0 t •0 1 7617E•04 0,15541:: .. 04 0,1000F.•0) 
2 3 59 O,iOOOE+OO 0,100 0 ~•01 0,90247240~+00 O,~Ot5~273F.~OO •0 1 7033~•04 0,7793£•04 O,lOOOE•Ol 
2 ~ !.& 0,1000E+00 0,4000f-+01 0 1 159,6649E400 0 • 1 3 ':H 6 5 3 3 f. + 0 0 0,101?f.•Ol 0,6340E .. Ol 0,1000E•Ol 
'- i 5~ 0,100011:+01 0,2000f.+OO 0,404891)21F:+01 0,10491 i' ?.': +01 •0,20 86fi:•Ol 0,51~2Et-04 O,lOOOE•OJ 
2 ::1 54 0,1000f.tl)1 o,too0 e: ~ot 0,223~90'1~F:+00 0 • 2 2 2 ~ 9.., 0 :' ·-: ~ 0 0 0,99 .37E•0) o,443!H: ... o2 o.1oOOf.:•Ol 
? 3 50 fl, .\000~+01 0,4000~+01 ~o,992814~tF.•01 •0,992e917 o~ ~ot 0,1719E .. 05 0 1 1732E•04 o,tooo~:. .. ol 

2 4 5~ o.tooo~.oo o,2oo~~+OO o.4o2~033tE~ot 0,4n2BOt 5 7t:: •Ot o,t788E•04 0,44]9g•05 0,1000!'.:•01 
'1 o1 47 o,tooor..oo o.sooog+ot 0 1 242('41~0E•O~ 0,~4-:.>. 0 ( ()?9£1: 401 o,ttt~n:.•04 0 1 459lE•O~ 0 1 1000E•O) 
2 i\ 41 0,1000~+00 0,4000~•01 0,1Co?6239E~01 OcJCIS 2619? ': •01 0,4739E•05 0 1 4459E•05 O,lOOO!:.,.Ol 
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